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THE  GEORGE  WASHINGTON  UNIVERSITY 
School  of  Engineering  and  Applied  Science 
Institute  for  Management  Science  and  Engineering 

Program  in  Logistics 


USERS  MANUAL 
FOR  THE 

DYNAMIC  STUDENT  FLOW  MODEL 


by 

William  E.  Caves 
Dicky  Wieland 
W.  L.  Wilkinson 


SECTION  1.  GENERAL 

1.1  Purpose  of  the  Use_rs  Manual-  The  objective  of  the  Users  Manual  for  the 
Dynamic  Student  Flow  Model  (DSFM)  is  to  provide  the  user's  non-ADP  personnel 
with  the  information  necessary  to  effectively  use  the  system. 

The  DSFM  is  a  computer-based  system  using  network  flow  theory  for  produc¬ 
ing  explicit  flow  solutions  representing  the  maximum  throughput  of  flight  stu¬ 
dents  with  the  minimum  time  to  train.  A  rigorous  optimizing  algorithm  computes 
the  flows.  A  principal  result  is  the  student  pilot  input  and  output  schedules 
including  data  for  analyses  of  the  jet,  prop  and  helo  pipeline  flows.  The 
schedules  are  produced  for  a  time  period  of  interest,  say  three  years,  and  may 
reflect  a  wide  variety  of  planning  criteria.  The  scope  of  the  DSFM  embraces  the 
Undergraduate  Pilot  Training  (UPT)  program  and  the  community  of  Fleet  Readiness 
Squadrons  (FRSs).  The  structure  of  the  DSFM  is  a  network  wherein  the  various 
training  activities  and  their  geographic  locations  may  be  distinctly  repre¬ 
sented  . 

The  system  is  exceedingly  flexible  at  the  executive,  staff  and  managerial 
levels  of  application.  The  model  has  a  powerful  ability  to  represent  a  wide 
variety  of  scenarios  through  the  conversion  of  standing  or  projected  operational 
data  and  the  processing  of  that  data  in  a  transparent,  albeit  very  formal,  man¬ 
ner  so  as  to  produce  solution  with  certain  optimal  properties.  It  would  not  be 


T-447 


practical  to  attempt  the  definition  of  all  possible  variations  in  the  use  of  the 
DSFM.  Accordingly,  the  expository  method  that  will  be  followed  in  setting  forth 
the  user  information  is  to  describe  a  normal  application  with  indications  of 
some  of  ttie  variations.  Other  variations  will  become  self-evident  in  the  famil¬ 
iarity  that  comes  witli  the  continued  use  of  the  I)SFM.  Any  known  restrictions  on 
the  use  of  the  USKhl  will  be  explicitly  pointed  out. 

It  is  of  fundamental  importance  that  it  be  understood  throughout  this 
document  that  the  L)SKH  projects  the  systemic  effects  through  the  training  net¬ 
work  oi  local  operating  conditions  at  the  phase  level.  In  that  sense  it  is  a 
macro  model  which  is  a  relative  term.  Local  conditions  and  changes  thereto 
which  affect  phase  capacity  and  time  to  train  are  generally  well  known  to  the 
local  command.  The  DSFM  answers  the  larger  and  more  difficult  question  of  what 
the  overall  effect  of  local  change  would  be  on  system  throughput  and  the  time 
phasing  of  that  change.  If,  for  example.  Phase  X  at  Base  V  goes  from  a  five-day 
to  a  six-day  workweek,  the  increase  in  phase  productivity  at  Base  Y  is  deter¬ 
mined  locally.  The  end  result  of  this  change  is  calculated  by  the  DSFM  and  the 
systemic  effect  may  be  substantially  different  from  the  intuitive  expectation. 
Once  a  student  flow  solution  has  been  obtained,  then  the  DSFM  can  report  on  the 
personnel  and  material  resources  required  to  support  the  flight  hour  activity 
and  aircraft  ownership. 

1 . 2  Project  References . 

a.  The  DSFM  task  was  first  formally  proposed  by  Kefereuce  [1]  in  July 
1977.  Reference  12]  in  January  197b  changed  the  work  period  to  1  January  1978 
through  31  December  1979. 

b.  Reference  [3]  is  a  technical  report  that  documents  the  results  of 
exercising  a  comparatively  primitive  version  of  the  DSFM  on  a  number  of  scenar¬ 
ios  concerning  base  closing  and  squadron  decomissionings. 

c.  Reference  [4]  is  a  follow-on  technical  report  that  documents  the 
results  of  exercising  an  improved  version  of  the  DSFM  on  six  distinctly  differ¬ 
ent  scenarios.  tach  scenario  emphasizes  some  particular  capability  of  the 
model,  illustrating  its  flexibility  at  the  executive,  staff,  and  managerial  lev¬ 
els  of  application.  Certain  strengths  and  weaknesses  of  this  version  of  the 
DSFM  also  became  readily  apparent. 

d.  Reference  (b]  is  the  Overview  Manual  on  the  DSFM.  This  document  pro¬ 
vides  a  broad  nontechnical  description  of  the  model  beamed  to  the  executive  with 
little  time  for  details.  Potential  users  with  an  uncertain  interest  in  the 


model  will  find  adequate  definition  therein  to  justify  or  dismiss  further 
inquiry. 

e.  Reference  (6]  is  the  Functional  Description  for  the  DSFM. 

f.  In  addition  to  this  Users  Manual  and  the  above  documents,  the  follow¬ 
ing  system  documents  will  be  provided. 

(1)  Program  Specifications  and  Maintenance  Manual 

(2)  Program  Listings 

g.  An  operational  version  of  the  DSFM  computer  program,  written  in  PL1, 
will  be  delivered  suitable  for  installation  in  an  environment  similar  to  the  one 
described  in  Section  4  of  the  Functional  Description  (Reference  [  t> )  ) . 

h.  This  Users  Manual  and  other  system  documentation  to  follow  is  being 
prepared  in  conformance  with  the  standards  set  forth  in  Reference  [7]. 

1.3  Terms  and  Abbreviations.  The  terms  of  reference  as  used  herein  will  be 
defined  when  first  used.  A  complete  glossary  is  contained  in  Appendix  A. 

In  the  interests  of  brevity,  clarity  and  precision,  a  number  of  symbols 
and  abbreviations  are  used  in  describing  the  use  of  the  DSFM.  These  will  be 
defined  when  first  used  and  a  full  listing  is  contained  in  Appendix  B.  Lodes 
which  are  peculiar  to  the  computer  program  will  be  avoided. 

1.4  Security  and  Privacy-  The  DSFM  does  not  use  nor  uoes  it  generate  any  clas¬ 
sified  information.  It  contains  no  data  affected  by  the  Privacy  Act. 

SECTION  2.  SYSTEM  SUMMARY 

2.1  System  Application.  The  DSFM  is  designed  to  assist  senior  staffs  in  the 
chain  of  command  for  Naval  Aviation  training  to  manage  the  production  process 
for  converting  untrained  candidates  from  a  variety  of  sources  into  competent 
Naval  Aviators  who  are  qualified  to  join  fleet  operating  squadrons.  Although 
resources  for  pilot  training  must  be  shared  with  other  communities,  particularly 
at  the  Naval  Aviation  Schools  Command  (NASC)  and  the  Fleet  Readiness  Squadron 
(FKS)  level,  only  pilot  training  is  considered  by  the  DSFM  at  this  time. 

The  model  will: 

a.  Aid  in  determining  whether  planned  production  goals  can  still  be  met 
given  a  training  resource  crisis  situation. 

b-  Aid  in  reducing  the  impact  of  changes  in  available  Etudent  pilots, 
training  aircraft,  maintenance  support,  instructor  pilots,  funds  and  other 
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c.  Aid  in  identifying  the  optical  allocation  ot  training  resources  in 
response  to  a  crisis  situation. 

d.  Aid  in  tiie  identification  of  critical  constraints  and  the  quantifica¬ 
tion  of  any  penalty  incurred  because  oi  the  constraints. 

e.  Identify  slack  resources  which  may  be  released  or  reassigned. 

t .  Aid  managers  in  planning  phase-in  of  major  changes  to  the  curriculum. 

2.1.1  i’urpose  oi  ttie  System.  Constant  change  is  a  tundamental  reality  under 
which  Naval  Aviation  training  is  conducted-  Frequent  changes  in  required  Pilot 
Training  Kates  (I'TU),  resources  available,  fleet  squadron  operating  conditions 
and  a  variety  oi  lesser  things  keeps  the  training  system  in  a  constant  state  ot 
i lux.  Under  these  circumstances,  manual  manipulation  ot  data  is  inadequate  to 
detect  anomalies  in  student  flow  in  time  to  do  something  about  them  and  to  pre¬ 
scribe  remedial  measures  to  correct  an  out-of-kil ter  condition.  Increased  cost 
to  train  or  loss  of  irreplaceable  student  throughput  results  from  lack  of  ade¬ 
quate  and  timely  information  to  senior  staffs.  ihe  DSFii  combines  the  computa¬ 
tional  power  of  a  computer  with  a  well  known  algorithm  to  define  an  optimal 
r.iathemat  leal  solution  which  will  assure  maximum  student  completions  with  minimum 
lime  to  train  under  the  real  or  hypothetical  circumstances  prescribed  by  the 
analyst.  The  USKM  is  designed  to  assist  commanders  in  promoting  system  effi¬ 
ciency  through  more  precise  control  of  student  flow  than  would  be  available 
through  manual  means.  It  also  facilitates  prediction  of  the  proximate  results, 
in  terms  ot  training  capacity  and  student  completion  schedules,  of  changes  in 
pilot  training  policy  or  circumstances. 

2.1.2  OpejatjLnji  Improvements  Provided  by  the  System.  Significant  savings  can 
be  realized  through  more  precise  control  oi  student  inputs  to  the  system  and 
through  improved  distribution  of  students  among  elements  ot  tne  system  after 
those  students  have  begun  individual  training.  As  an  example  oi  the  order  oi 
magnitude  of  savings  which  are  possible,  the  L)SFH  generated  schedule  ior  input 
of  student  pilots  into  Primary  flight  training  in  FY-74  resulted  in  about  10U 
fewer  student  man-years  spent  in  pools  than  was  predicted  for  the  manually  gen¬ 
erated  input  schedule.  Improved  efficiency  will  result  from  the  increase  in  the 
predicted  time  span  which  can  be  comprehended  by  the  manager  as  a  result  of  com¬ 
puter  supplied  data,  and  from  the  ability  of  the  manager  to  detect  anomalies  in 
the  system  in  a  more  timely  manner  once  he  Is  relieved  of  the  tedious  and  time 
consuming  tasks  involved  in  manual  manipulation  oi  student  flow  data. 
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2.1.3  System  Characteristics.  The  DSFM  does  not  provide  push-button  solutions 
to  student  flow  problems.  Instead,  it  provides  a  rigorous  mathematical  descrip¬ 
tion  of  student  flow  through  the  pilot  training  system  as  that  system  and  its 
operating  circumstances  and  resources  are  described  by  the  analyst  for  the  OSFM. 
The  accuracy  of  prediction  of  student  flow  is  thus  absolutely  dependent  upon  the 
skill  with  which  the  analyst  translates  real-world  operating  factors  into  train¬ 
ing  capacity  and  time  to  train  of  each  segment  of  the  pilot  training  network. 
That  network  embraces  the  entire  continuum  extending  from  Initial  entry  into 
pilot  training  through  completion  of  FRS  training.  However,  since  some  segments 
of  the  network  exhibit  distinctive  traits  which  are  not  common  to  other  seg¬ 
ments,  it  will  be  described  as  three  subsystems. 

2. 1.3.1  Undergraduate  Pilot  Training  (UPT)  Subsystem-  The  heart  of  the  DSFM  is 
a  rigorous  algorithm  producing  optimum  student  flows  through  that  portion  of  the 
training  continuum  extending  from  entry  into  primary  flight  training  through 
designation  as  a  Naval  Aviator  on  completion  of  UPT.  During  this  portion  of  the 
training  continuum,  student  populations  within  each  pipeline  are  reasonably 
homogeneous  and  the  pipeline  curriculum  provides  a  structured  path  along  which 
the  student  must  progress.  These  operating  conditions  make  explicit  projections 
of  student  flow  through  UPT  reasonably  attainable. 

2. 1.3.2  Naval  Aviation  Schools  Command  (NASC)  Subsystem.  The  pre-primary 
schooling  of  prospective  flight  students  is  somewhat  less  amenable  to  precise 
control  than  is  UPT.  Although  the  curriculum  is  structured,  student  populations 
are  non-homogeneous .  They  are  drawn  from  diverse  sources  such  as  the  Naval  Aca¬ 
demy,  NROTC  and  the  Aviation  Officer  Candidate  program  in  numbers  subjectively 
determined  to  provide  the  best  population  for  subsequent  flight  training.  His¬ 
torically,  different  attrition  rates  are  experienced  for  each  entry  source. 
Lack  of  formal  criteria  for  determining  the  mix  of  students  from  the  various 
sources  precludes  automated  scheduling  of  their  entry.  The  importance  of  NASC 
input  schedules  to  the  subsequent  student  flow  is  recognized.  The  DSFM  provides 
for  rigorous  analysis  of  the  impact  of  subjective  decisions  on  student  input 
schedules.  It  can  accept  the  results  of  the  subjective  decisions  and  automate 
production  of  hard-copy  schedules  which  can  provide  a  common  base  for  discourse 
among  managers  at  each  echelon  of  command  involved  in  student  acquisition  and 
scheduling* 

2. 1.3. 3  Fleet  Readiness  Squadrons  (FRS)  Subsystem.  The  post-UPT  portion  of  the 
continuum  of  training  is  somewhat  less  amenable  to  rigorous  analysis  and  precise 
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flow  control.  Student  populations  within  the  FRS  are  non-homogeneous ,  being 
composed  of  various  categories  of  Naval  Aviators  ranging  from  some  who  are  newly 
designated  to  others  who  are  quite  senior  and  experienced.  Curricula  are  also 
more  flexible,  with  some  training  at  times  deferred  for  later  accomplishment  in 
fleet  squadrons  when  scheduling  exigencies  sc  demand.  Mathematical  prediction 
of  student  flow  in  an  FRS  is  therefor  much  less  precise.  In  recognition  of 
this,  the  FRS  portion  of  the  DSFM  is  constructed  as  a  scheduling  assist  model. 

2.  2  System  Operation.  Various  levels  of  detail  are  desirable  in  constructing 
the  network  representation  of  the  training  process,  depending  on  the  needs  of 
the  particular  user.  For  example,  when  analyzing  student  input  schedules 
required  to  support  a  prescribed  PTR,  it  is  usually  sufficient  to  aggregate  all 
jet  training  as  though  it  was  conducted  at  one  base.  On  the  other  hand,  when 
determining  optimum  distribution  of  graduates  of  the  Primary  Phase  of  training 
among  various  Jet  bases,  the  network  must  distinguish  each  base  by  considering 
the  discrete  training  capacity  and  time  to  train  for  the  individual  training 
base . 

2.2.1  UPT.  Kach  time  the  DSFM  level  of  detail  has  been  increased,  there  has 
been  a  decrease  in  the  throughput  capacity  of  the  UPT  system.  This  phenomenon 
is  also  extant  in  the  real  world  which  the  DSFM  models.  The  more  constraints 
placed  on  the  way  the  training  squadrons  operate,  the  fewer  pilots  they  can 

.'ain.  Attempts  to  throttle  the  flow  of  students  through  UPT  to  achieve  a  bet¬ 
ter  match  with  FRS  input  requirements  will  cost  something  in  achievable  PTR.  It 
is  unlikely  that  such  throttling  will  occur — at  least  through  the  decade  of  the 
198u's.  Jet  training  aircraft  and  advanced  helicopter  trainers  are  out  of  pro¬ 
duction.  Aircraft  inventories  are  barely  adequate  to  meet  current  pilot  produc¬ 
tion  rates.  As  these  aircraft  inventories  are  diminished  through  attrition,  the 
Chief  of  Naval  Air  Training,  (CNATRA)  will  be  forced  to  operate  remaining  air¬ 
craft  under  surge  conditions.  These  conditions  will  be  exacerbated  as  the 
demand  for  trained  Naval  Aviators  increases.  Helicopter  pilot  training  rates 
wili  increase  with  the  introduction  of  the  LAMPS  Mk  III  helicopters.  Jet  pilot 
training  requirements  will  Increase  as  attack  carrier  force  levels  increase  from 
twelve  to  fifteen.  New  training  aircraft  will  not  become  available  to  alleviate 
the  shortage  until  the  late  1980's. 

Projected  pilot  inventories  will,  at  best,  be  marginal  to  man  the 
expected  Increased  carrier  force  levels.  Any  shortfall  in  required  PTR  could 
serve  as  a  constraint  on  the  number  of  carrier  squadrons  available  to  put  to  sea 
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in  support  of  national  objectives.  Good  management  will  therefor  dictate  oper¬ 
ating  the  CNATRA  establishment — or  at  least  the  jet  training  portion  of  it — to 
achieve  maximum  throughput  of  pilots. 

2.2.2  Fleet  Readiness  Squadrons. 

The  network  has  been  modeled  so  that  FRS  considerations  will  not  con¬ 
strain  UPT  throughput.  The  UPT  network  is  manipulated  mathematically  as  an 
entity  to  optimize  its  output.  This  output  of  UPT  then  becomes  the  available 
student  population  for  distribution  to  the  FRSs.  Although  this  separation  of 
UPT  and  FRS  flow  violates  the  theoretical  continuum  of  flow  from  UPT  program 
entry  through  assignment  to  fleet  squadrons,  it  closely  replicates  real-world 
practices. 

Unlike  UPT  which  is  aircraft  constrained  and  operating  at  near  capacity 
at  some  bases,  the  FRS  throughput  is  mostly  constrained  by  restrictions  on  class 
size  and  convening  frequency.  Time  to  train  and  capacity  to  train  can  be  empir¬ 
ically  determined  and  held  constant  except  during  periods  of  transition  to  new 
aircraft  types  or  change  in  squadron  locations.  There  are,  however,  three  spe¬ 
cific  areas  where  improved  scheduling  is  apt  to  provide  shorter  mean  time  to 
train  and  better  utilization  of  resources. 

(1)  Survival,  Evasion,  Resistance  and  Escape  (SERE)  scheduling. 

(2)  Aircraft  Carrier  Qualification  (CQ)  scheduling. 

(3)  Coordination  of  East  and  West  Coast  schedules. 

2-2.2.  1  SERE.  This  training  is  conducted  at  one  location  on  each  coast.  Most 
pilots  receive  this  training  while  enroute  from  UPT  t.o  their  FRS  assignment. 
Graduates  of  the  UPT  Strike,  Maritime  and  Rotary  Wing  pipelines  are  mixed  in 
classes  of  finite  capacity;  however,  they  must  retain  their  jet,  prop,  or  helo 
Identity  for  subsequent  assignments.  West  Coast  SERE  classes  convene  about 
three  times  per  month  and  the  East  Coast  about  two  classes  per  month.  Since 
students  graduate  from  UPT  every  week,  there  are  occasions  when  no  SERE  class  is 
immediately  available.  Similarly,  there  arc  times  when  SERE  graduates  cannot  be 
accommodated  by  FRS  covening  dates  without  a  delay  of  some  weeks.  These  sched¬ 
uling  problems  are  too  complex  to  be  solved  by  manual  means.  It  amounts  to  try¬ 
ing  to  mesh  gears  with  fifty  teeth  per  inca  with  other  gears  having  thirty  six 
and  ten  teeth  per  inch.  While  the  DSFM  cannot  provide  a  perfect  match,  it  can 
suggest  improvements  which  will  minimize  the  loss  of  time  between  a  student's 
designation  as  a  Naval  Aviator  and  his  entry  into  formal  FRS  training.  Stagger¬ 
ing  Last  and  West  Coast  class  convening  dates  could  be  one  area  for  improve¬ 


ment  . 
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1. 1.2.1  Aircraft  Carrier  (CV)  Schedules.  The  availability  of  carrier  decks  tor 
qualification  ( CQ )  of  jet  student  aviators  is  a  major  constraint  on  the  ability 
of  an  FKS  to  meet  scheduled  completion  dates  for  student  Replacement  Pilots  (RP) 
destined  for  fleet  squadrons.  Since  CV  schedules  are  largely  dictated  by  over¬ 
seas  deployment  requirements,  training  generally  takes  whatever  is  leftover 
after  other  fleet  needs  are  met.  Anytime  that  a  dedicated  training  carrier 
(CVT)  is  not  available,  the  problem  is  further  compounded  since  the  fleet  and 
UPT  communities  are  both  competing  for  the  fleet  CV  deck  time.  While  there  is 
little  likelihood  that  CV  schedules  can  be  modified  to  optimize  FKS  throughput, 
the  L>SFM  can  probably  provide  a  better  fit  to  available  CV  decks  than  can  be 
achieved  by  manual  means.  As  a  minimum,  the  DSFM  will  be  able  to  predict  with 
some  precision  the  student  flow  which  is  likely  with  a  given  schedule  of  Cq.  CQ 
will  be  modeled  as  separate  events  for  each  of  the  jet  FRSs  in  order  to  achieve 
this . 

2.2.2. 1  LANT/PAC  Schedule  Coordination.  NAVAIRLANT  and  NAVAlkPAC  training 
schedules  are  generally  constructed  independently  of  each  other.  The  complexity 
of  the  scheduling  problem  makes  it  unlikely  that  coordination  of  these  schedules 
can  be  achieved  by  manual  means.  The  DSFM  can,  however,  manipulate  schedule 
parameters  to  obtain  the  best  fit  achievable  between  Fast  and  West  Coast  train¬ 
ing  schedules.  better  utilization  of  student's  time  should  result.  The  com¬ 
plexities  involved  in  coordinating  activities  of  the  two  fleets  are  such  that  it 
appears  prudent  to  model  the  FRS  subsystem  of  the  DSFM  as  a  scheduling  assist 
model,  rather  than  as  an  automated  schedule  generator.  In  tills  way,  uncertain¬ 
ties  which  cannot  be  comprehended  by  computers  can  be  resolved  by  human  schedul¬ 
ers  . 

2.3  System  Conf lguratlon .  The  DSFM  operates  in  the  batch  mode  under  IBM's 
OS/VS1  Operating  System  in  a  half-megabyte  user  partition.  Normal  job  setup  and 
submission  operations  are  conducted  in  an  interactive  mode  under  IBM's  VM/370 
using  the  standard  CMS  utilities. 

The  DSFM  System  is  written  in  PL/I.  All  modules,  with  the  exception  of 
the  Build  Routine*,  are  compiled  under  IBM's  PL/I  Optimizing  Compiler,  a 
licensed  program  product.  This  licensed  program  must  be  resident  on  the  host 
machine  for  all  system  execution  and  maintenance.  In  auoition,  in  order  to  load 
the  DSFM  System  Tape,  the  disk  storage  equivalent  of  about  52b  tracks  of  3330 

*  The  Build  Routine  is  compiled  under  the  PL/I  'F'  Compiler  which  pre-dates 
program  licensing  and  is  currently  unsupported  by  IBM.  A  copy  of  this  compiler 
and  its  resident  library  are  included  on  the  DSFM  System  Tape. 
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disk  space  is  required.  Execution  of  the  model  requires  two  to  ten  tracks  of 
3330  disk  space  for  each  training  system  modeled  and  a  similar  amount  for  each 
solution  to  be  retained. 

The  developmental  hardware  and  support  software  for  the  DSFM  has  been 
configured  as  follows: 

a •  Developmental  Hardware • 

1  IBM  370/148  CPU  with  2  megabytes  of  real  memory 

6  3330-1  Disc  Drives 

2  3330-11  Disc  Drives 
4  3330  Disc  Drives 

7  3420-5  Tape  Drives  (80OBPI/lb0OBPI) 

2  3203  Printers 

1  3505  Card  Header 
1  3525  Card  Punch 

1  3705  Telecommunications  Controller 
1  Data  100  RJE  Station 
l>.  Developmental  Software. 

OS/VSI  Release  6.0E-  Operating  System 
JESI  Job  Entry  Subsystem 
RES  Remote  Job  Entry  Subsystem 
APLSV  Dial-up  Time  Sharing  Language 

b  256K.  User  Problem  Program  Partitions  (1024  k  Partition  on  req.) 
PL/I  Optimizing  Compiler 
Vm/370  Facility 

2 . 4  Sy s t e m  Or gan iza t i on . 

2.4.1  Program  Architecture .  The  DSFM  computer  program  has  been  designed  around 
six  executable  modules  as  delineateu  in  Figures  2.1  through  2.3.  Each  func¬ 
tional  subsystem  in  2.4.2  has  the  same  executable  modules.  The  subsystems  are 
distinguished  only  by  the  network  representation  and  interpretation  of  the  arc 
parameters.  The  following  subparagraphs  discuss  each  executable  module  briefly 
only  to  indicate  to  the  user  the  major  components  of  the  DSFM.  The  more  compre¬ 
hensive  description  is  contained  in  the  Program  Specification  and  Maintenance 
Manual • 
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Generates  Network  Build  Control  Cards  ( PA141BCDS ) :  (Fig-  2-1)  This  program  will 

build  control  cards  for  the  PATHBLD  program.  It  is  generally  used  to  describe 
other  than  training  phases  for  a  DSFM  Network.  However,  it  can  also  be  used  to 
describe  fixed  length  training  phases,  i.e.  ,  when  describing  a  NASC  Network. 

build  USFM  Network  (PATHBLD) :  (Fig.  2.1)  This  program  accepts  control  cards 
which  describes  a  DSFM  Network  and  constructs  the  initial  version  of  that  net¬ 
work-  This  initial  version  contains  all  of  the  arcs  and  nodes,  their  connecting 
linkages,  and  the  network  name,  none  of  which  may  be  changed  by  subsequent  pro¬ 
cessing. 

Adjust /Uisj) lay  Full  Network  (DSFMV2F) :  (Fig.  2.2)  This  program  will  load  a  DSFM 
Network,  alter  arc  parameters,  display  network  statistics,  arc  parameters,  and 
network  construction  details,  and  dump  the  network  in  a  form  suitable  for  solu¬ 
tion,  report  generation,  and  input/output  correspondence  analysis.  The  network 
loaded  may  be  an  initial  network  from  the  PATHBLD  Routine  or  a  solution  format¬ 
ted  network  from  a  previous  execution  of  either  the  DSFMV2F  or  DSFMV2S  programs. 
The  arc  parameters  which  may  be  altered  are  upper  bound  on  flow,  lower  bound  on 
flow,  and  cost.  The  only  practical  restriction  on  the  alteration  of  arc  parame¬ 
ters  is  that  neither  the  upper  bound  nor  the  lower  bound  may  be  set  in  conflict 
with  each  other.  Network  statistics  displayed  include  network  size  and  grouping 
information.  For  each  arc  group,  its  index,  name,  node  codes,  size,  associated 
ttrltion  information,  and  beginning  Network  Listing  page  number  are  given.  Arc 
parameters  and  network  construction  details  are  provided  in  a  Network  Listing. 
This  listing  displays  parametric  and  construction  information  for  five  arcs  to 
the  line.  Flow,  upper  bound  on  flow,  and  lower  bound  on  flow  values  listed  for 
each  arc  are  all  in  terms  of  pipeline  graduates.  The  five  arcs  displayed  on  a 
single  line  have  'FROM'  and  'TO'  nodes  which  differ  only  by  year.  The  dumping 
routing  first  analyzes  the  network,  its  parameters,  and  its  flow,  if  any,  to 
determine  which  arcs  may  participate  in  a  solution.  Arcs  which  may  participate 
in  a  flow  solution  are  flagged  as  members  of  a  network  cross  section  as  they  are 
dumped  to  disk. 

Generate  DSFM  Solution  (DSFMV2D ) :  (fig-  2.2)  This  program  will  load  the  network 
cross  section  consisting  of  only  those  arcs  that  may  participate  in  a  flow  solu¬ 
tion.  It  will  then  apply  the  Out-of-Ki Iter  Algorithm*  to  generate  a  minimum 
cost  solution.  A  full  copy  of  the  network  containing  this  solution  is  then 
stored  on  the  disk. 


*  Sec  Appendix  A  of  Reference  [6]. 
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Generate  DSFM  Reports  (DSFMV2R) :  (Fig.  2.3)  This  program  generates  all  DSFM 

Reports  with  the  exception  of  the  Network  and  the  Input/Output  Correspondence 
listings.  The  primary  routine  is  a  Report  Generation  Interpreter.  It  reads 
control  cards  to  direct  the  generation  of  a  report,  line  by  line.  Average  or 
total  weekly,  quarterly,  or  yearly  values  may  be  displayed  by  individual  or  col¬ 
lections  of  arc  groups  for  the  following  data  elements. 

Input  Students 
Output  Students 
Onboard  Students 
Attrlted  Students 
Input  Student  Capacity 
Output  Student  Capacity 
Onboard  Student  C?p*  ity 
Unused  Input  capacity 
Unused  output  capacity 

In  addition  to  the  ab'. data  elements,  resource  requirements,  either  utilized 
or  planned,  which  way  be  calculated  as  a  factor  times  students  trained  or  train¬ 
ing  capacity,  respectively,  may  be  displayed  as  described  above.  Examples  of 
such  resources  are  Aircraft  and  Instructor  Hours. 

This  program  also  contains  a  routine  to  display  Loading  Plan  information.  It 
reads  control  cards  to  describe  columnar  information  to  be  displayed  by  phase 
inputs.  The  values  displayed  may  be  planned  values  as  predicted  by  the  DSFM  or 
directly  entered  values  for  actual  historical  inputs. 

Generate  Input/Output  Correspondence  Tables  (DSFMV2D ) :  (Fig.  2.3)  This  routine 
will  display,  by  graduation  week,  phase  graduates  and  their  source  and  entry 
week  for  each  pipeline  represented  in  the  network  solution.  In  addition,  this 
routine  will  display  one  set  of  chains  representing  a  decomposition  of  the  solu¬ 
tion.  This  latter  output  is  intended  primarily  for  the  DSFM  Analyst. 

2. A. 2  Functional  Subsystem.  Although  there  is  no  theoretical  or  constructive 
requirements  to  do  so,  in  practice,  the  DSFM  has  been  divided  into  three  subsys¬ 
tems:  UPT,  NASC  and  FRS.  The  DSFM  UPT  Subsystem  is  represented  by  a  network 
model  of  UPT  starting  with  Primary  flight  training  and  ending  with  designation 
as  Naval  Aviators  or  attrition.  It  is  supported  by  an  NASC  Subsystem  which  pro¬ 
vides  schedules  for  inputs  into  the  NASC  and  predicts  the  outputs  of  NASC  which 
are  thence  available  for  entry  into  primary  flight  training.  The  predicted  out¬ 
put  of  designated  Naval  Aviators  from  UPT  becomes  the  source  population  for 
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entry  into  an  FRS  training  subsystem.  This  division  ot  the  DSFN  into  three 
parts  is  suboptimization  in  the  strict  sense  of  the  continuous  flow  of  students 
from  entry  into  UPT  until  they  are  assigned  to  a  fleet  squadron,  however,  there 
is  general  agreement  within  the  training  community  that  the  UPT  program  is  the 
critical  link  in  the  production  process.  Moreover,  any  partitioning  of  the 
total  network  has  a  practical  payoff  in  terms  of  data  processing  storage  space 
aim  running  time. 

Performance.  Separation  of  the  US  FI  i  into  three  interrelated,  but  distinct 
subsystems  (UPT,  NASC,  FRS)  will  facilitate  outputs  tailored  to  the  needs  of  a 
variety  ot  users.  The  interests  of  the  Naval  Military  Personnel  Command  (NMPC) 
will  be  largely  served  by  providing  updated  student  input  schedules  needed  to 
meet  prescribed  PTR's.  OPNAV  will,  on  the  other  hand,  be  concerned  with  all 
three  programs  since  their  responsibilities  span  the  entire  continuum  from  Stu¬ 
dent  Naval  Aviator  (SNA)  accessions  through  FRS  training.  CNATRA  will  be  con¬ 
cerned  with  the  NASC  and  UPT  subsystems  to  help  him  control  the  production  pro¬ 
cess  for  training.  Naval  Aviators  and  to  assist  him  to  p]an  the  acquisition  and 
application  of  resources  of  all  kinds.  Structuring  the  DSFli  into  three  distinct 
subsystems  will  have  the  collateral  benefit  of  reducing  preparation  and  running 
time  for  the  user  who  requires  only  a  subset  of  the  total  program  output. 

tor  UPT,  the  USFil  solutions  can  also  be  decomposed  into  separate  patns  by 
week  oi  entrance  into  flight  training,  with  students  tracked  until  graduation  or 
attrition  f  rot.i  me  program.  A  report  can  be  generated  which  relates  pipeline 
gradual i on  to  time  of  entry  into  the  program.  This  report  would  provide  a  con¬ 
venient  device  for  scheduling  student  inputs  by  source  since  the  DSKH  does  not 
distinguish  among,  the  different  student  sources,  i.e.  Navy  nOC,  Navy  Officers, 
Marine  Corps  Officers,  etc.  Lmproved  prediction  of  graduation  dates  would  also 
benefit  aavy  and  Marine  Corps  detallers  anu  the  people  they  must  detail  to  fleet 
ass i gnments . 

;.j.l  System  Functions.  Through  the  use  of  a  responsive  data  processing 
system  the  uSFM  was  designed  to  provide  the  following  particular  capabilities. 

a.  Produce  a  schedule  of  student  weekly  inputs  into  Primary  flignt 
ir.iiiiin,.  over  a  one  to  three  year  projected  period  stating  the  requirements  for 
an  optimal  student  flow  through  all  the  pipelines  under  the  conditions  of  a 
g, I ven  scenario. 

b.  Produce  a  suitably  formatted  schedule  of  student  weekly  inputs  into 
(he  NASC  o ;cr  a  one  to  three  year  projected  period  which  provides  tne  entrants 
lor  the  schedule  produced  in  (a)  above  or  any  other  feasible  schedule. 
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i  .  I  Jf  t  «.*  r  in  i  ne  tlio  maximum  throughput  of  tin-  training  system  for  a  given 
scenario  witii  shorttalls,  when  occurring,  to  tin-  l’TK  explicitly  stated  uy  pipe¬ 
line  and  year. 

d-  Determine  required  capacity  to  train  by  weeks,  phase,  and  location  to 
prod  lice  a  given  set  of  FTRs. 

e .  Determine  where  the  training  bottlenecks  are  in  the  system. 

!' .  ueteruine  where  excess  capacities  exist  in  the  system- 

>•  Ueteruine  the  surge  capacity  of  the  system  ii  additional  personnel, 
spare  parts,  funds,  etc.,  were  made  available  to  increase  the  aircraft  utiliza¬ 
tion. 

h.  Determine  the  expected  number  of  student-weeks  spent  in  pools  aim 
their  location  which  wiil  result  from  a  given  plan  or  policy. 

i.  Provide  information  leading  to  improved  PI k  assignments  to  training 
wings  and  squadrons. 

j.  Provide  data  for  staff  analysis  leading,  to  improved  pipeline  oalanc- 
ing  ol  capacities  to  train  by  pnase  and  location. 

k.  Provide  expected  tracks  for  students  to  follow  as  they  enter  the  sys¬ 
tem  it  a  particular  week. 

l.  Provide  a  measure  of  the  effect  of  different  planning  policies  and 
scheduling  criteria  e.g.,  level  input,  level  output,  uniform  student  loading. 

m-  Provide  flying,  hour  requirements  for  UPT  and  the  aircraft,  personnel 
and  it. :.\ /APN /UPN  costs  to  support  t tie  flying  hour  program. 

n.  .'latch  id’!'  output  schedules  with  FKS  input  schedules. 

o.  ’latch  FKS  output  schedules  with  planned  fleet  squadron  requirements 
1  i * r  rep  1 acement  pi  lots. 

p.  Assist  staffs  in  planning  for  transition  to  new  equipment,  facilities 
nr  i  ii  r  r  i  cii  1  urn . 

i.S.k  Inputs-  All  input  data  is  taken  directly  iron  data  which  is  routinely 
collected,  is  derived  from  such  data,  or  is  management  information  of  the  kind 
normally  within  the  purview  of  one  of  the  staff  divisions.  ho  special  data  col¬ 
lection  program  is  required. 

in  t  puls .  These  are  represented  by  a  catalog,  ol  standard  formatted 
reports  derived  from  the  student  flow  uata  in  a  particular  network  solution. 
Ancillary  tiles  are  sometimes  needed  in  the  conversion  of  solution  data  to 
report  data.  deports  are  geared  to  t tie  executive,  staff  anu  analyst  levels  with 
aggie, pit  ions  at  the  annual,  quarterly  and  weekly  intervals,  respectively. 
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2.5.4  Processing  Time.  There  are  two  major  processing  executions  that  the 
DSFM  does: 

-  Build  a  network  and  make  arc  parameter  adjustments,  and 

-  Compute  optimal  student  flow  solutions. 

If  we  say  that  a  typical  UPT  network  has  about  3300  nodes  and  6500  arcs,  then: 

-  Build  a  network  takes  about  2.0  minutes,  and 

-  Solution  takes  about  2.5  minutes. 

Arcs  and  nodes  have  not  been  explicitly  defined  at  this  point.  Nodes  are  analo¬ 
gous  to  the  hubs  in  a  Tinker  Toy  set  and  the  arcs  are  the  spokes  connecting  the 
hubs . 

UPT  networks  take  on  many  different  sizes  depending  on  the  detail  desired 
but  6500  arcs  is  a  typically  useful  size  UPT  network. 

2.5.5  Response  Time.  Turnaround  times  can  be  a  function  of  several  factors  in 
addition  to  processing  times.  One  such  factor  is  the  degree  which  the  user  com¬ 
mand  can  set  priorities  on  the  processing  sequence  of  programs  in  the  computa¬ 
tion  center.  The  DSFM  is  strictly  a  batch  processing  operation.  The  online 
storage  requirements  are  large  for  most  practical  networks.  Consequently,  the 
operations  manager  of  the  processing  system  may  prefer  a  third  shift  batching  of 
the  larger  programs.  In  general,  overnight  turnaround  for  routine  DSFM  runs  is 
probably  adequate.  When  new  networks  have  to  be  constructed,  a  preparatory 
overnight  period  should  be  anticipated  for  that  purpose. 

2.5.6  Limitations.  As  mentioned  above,  the  current  version  of  the  DSFM  is 
strictly  a  batch  processing  operation  and  for  the  full  scope  of  the  capabilities 
as  described  in  this  manual,  it  should  remain  so.  There  are  spinoff  versions, 
however,  that  would  be  amenable  to  an  Interactive  mode  of  operation.  These 
would  stl 11  depend  on  a  DSFM  solution  as  described  herein.  Two  interactive 
ancillary  capabilities  suggest  themselves. 

a.  Terminal  Interaction  with  the  structured  files  of  student  flow  data 
produced  by  a  DSFM  optimal  flow  solution.  The  current  DSFM  capabilities  are 
very  close  to  that  now  as  described  under  f lexlblty  below. 

b>  Terminal  interaction  on  a  structured  file  of  the  various  projected 
paths  that  students  entering  UPT  Primary  at  a  certain  week  follow  to  finish  a 
particular  pipeline  at  the  end  of  a  specified  week.  This  could  serve  as  a  con¬ 
venient  input-output  planning  tool  where  the  different  student  sources  and 
attrition  rates  come  into  play. 
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2.5.7  Flexibility. 

a.  The  network  structure  is  user  defined.  There  is  no  theoretical  limit 
to  its  size  or  coni igurat ion.  The  rules  ior  construction  are  few  and  simple. 
Some  skill  is  required,  however,  in  interpreting  the  real  world  (whether  actual 
or  hypothetical)  in  terms  of  arcs  and  the  operational  parameters  placed  on  them. 

b.  The  family  of  standard  outputs  as  described  in  Section  3,  although 
broad  in  scope,  is  by  no  means  a  fixed  limit-  Many  other  varieties  can  be 
defined  on  the  data  contained  in  the  optimal  student  flow  solution  and  produced 
with  no  great  difficulty.  Programmatic  changes  are  not  required. 

2-5.8  Error  Kate.  Adequate  provisions  have  been  incorporated  in  the  DSFM  pro¬ 
gram  for  legal  and  logical  error  detection  and  correction.  Certain  roundoff 
discrepancies  in  the  outputs  may  become  evident,  however,  because  of  student 
attrition  of  small  percentages.  These  percentages  first  decrement  student  flows 
and  then  increment  the  flows  and.  as  a  consequence,  the  calculations  do  not 
always  return  to  the  starting  values.  Although  the  error  is  not  significant,  it 
is  unsightly. 

2.6  Data  Base. 

2.6.1  Network  Files.  The  data  base  as  viewed  bv  the  staff  DSFM  Analyst  will  be 
largely  a  library  of  stored  networks  complete  with  all  the  arc  parameters.  His 
routine  changes  will  be  made  to  one  of  these  networks,  each  with  a  unique  ID, 
and  rerun  either  to  update  with  a  new  start  time  or  to  represent  a  change  to  the 
operating  circumstances,  either  real  or  hypothetical. 

2-6.2  Input  Flies.  Experience  to  date  has  shown  that  the  raw  input  data  can  be 
contained  in  various  forms  and  kept  In  three-ring  binders  on  the  DSFM  Analyst's 
bookshelf.  If,  however,  he  would  prefer  to  move  to  a  more  automated  level,  he 
could  certainly  do  so  and  the  formatting  of  the  data  would  depend  strictly  on 
the  local  arrangement  between  him  and  the  supporting  EDP  facility.  Some  of  the 
management  Information  with  which  he  will  be  dealing  will  be  so  unstructured  and 
transient  in  nature  that  it  will  be  more  practicable  to  retain  it  in  whatever 
free  form  is  suitable. 

2.6.3  Responsibilities.  The  scope  and  quality  of  the  DSFM  input  data  as  con¬ 
tained  in  the  Network  Files  and  elsewhere  is  the  responsibility  of  the  staff 
DSFM  Analyst.  The  faithful  conversion  and  maintenance  of  the  integrity  of  the 
data  as  turned  over  to  the  EDP  facility  is,  of  course,  the  responsibility  of 
that  facility. 
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2.7  General  Description  of  Inputs,  Processing,  Outputs. 

2.7.1  Inputs.  Routine  input  information  for  the  USFM  is  acquired  i roci  routine 
sources.  Relevant  ad  hoc  information  is  acquired  and  applied  as  the  judgment  of 
the  staff  DSFM  Analyst  dictates.  The  characteristic  routine  information  used  in 
the  three  subsystems  of  the  DSFM  is  described  below. 

a.  UPT Subsystem-  The  following  inputs  are  required  as  source  data  to 
prepare  the  input  parameters  for  the  UPT  network. 

(1)  PTRs  by  pipeline  for  the  time  period  of  interest,  normally  three 
to  five  years. 

(2)  A  list  of  the  training  phases  and  their  sequence  in  the  flight 
training  process.  Include  delay  times,  if  any,  for  each  phase-to-phase  transi¬ 
tion. 

(3)  For  each  phase,  location,  and  type  aircraft: 

(a)  average  weeks  to  train 

(b)  attrition  rate  for  students  in  each  phase  of  training 
(r)  average  total  aircraft,  simulator  and  instructor  hours 
per  phase  graduate  (includes  all  overhead  hours) 

(d)  percentage  of  flyable  weather  by  month 

(e)  daylight  hours  per  day  by  monthly  averages 

(4)  Inventories  of  aircraft  and  their  simulators  by  type,  phase  and 
location  by  quarter  of  each  fiscal  year  during  the  time  period  of  interest.  The 
expected  annual  utilization  of  each  type  aircraft  and  simulator  is  also 
required. 

(3)  Student  onboard  loads  and  student  pools  by  phase  and  location 
as  of  the  start  date  of  the  DSFM  exercise. 

(6)  Student  input  schedule  into  the  NASC  that  is  effective  during 
the  time  period  of  interest. 

b.  NASC.  Subsystem.  This  subsystem  requires  the  following  information  on 
each  category  of  students  that  are  to  enter  the  NASC.  Categories  may  be  by  ser¬ 
vice  or  by  various  sources  within  a  service,  e.g..  Navy  AOC  and  AVROC. 

(1)  Minimum  and  maximum  number  available  during  each  fiscal  year. 

(2)  Preferred  periods  of  times  for  their  entry  into  NASC. 

(3)  Attrition  rate  in  NASC  and  pipeline  attritions  in  UPT  flight 

tr.i  ining. 

The  following  data  is  needed  on  the  NASC  classes. 
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(4)  Minimum  number,  if  any,  desired  in  each  weekly  class. 

(5)  Duration  in  weeks  and  maximum  class  size- 

(6)  Nominal  percentages  of  SUAs  in  a  class. 

Normally,  the  NASC  Subsystem  is  run  against  a  list  of  desired  weekly 
inputs  into  the  Primary  flight  training  phase  which  is  a  product  of  the  DPT  Sub¬ 
system,  however,  this  is  not  absolutely  necessary  to  tiie  running  of  the  NASO 
Subsystem  - 

c.  FKS  Subsystem.  The  following  is  the  essential  data  for  this  subsys¬ 
tem. 

(1)  A  list  of  the  jet,  prop  and  helo  FKSs  by  name,  type  aircraft 
and  location. 

(2)  Ttie  (Jp-5S  schedule  of  FkS  classes  for  current  and  previous  year 

for  SLKi,,  jet,  prop  and  helo  FKSs.  This  schedule  contains  start  and  finish 

times  and  number  of  CAT  I  students  in  each  class. 

(!)  Table  of  nominal  transit  times  between  LPT  to  SEkE  to  FkS. 

(4)  Onboard  load  of  CAT  1  at  each  FKS  on  the  starting  date  of  the 
DS F,i  exercise. 

(!)  CA1'  I  attrition  rates  at  each  FkS. 

2.7.2  Processing.  There  are  two  general  categories  of  processing;  (1)  build- 
in;  networks  and  (2)  Solving  networks. 

The  first  is  required  wiien  there  is  a  change  in  the  detail  to  be  delinea¬ 
ted  fn  the  network,  either  more  or  less,  or  when  there  is  a  change  to  the  aver¬ 

age  time  to  train  In  some  phase  of  the  network.  Either  of  these  alters  the 
structure  of  the  network  and  requires  a  rebuilding. 

The  second,  which  is  where  most  of  the  processing  t.-ss  will  occur,  is 
simply  the  modification  of  an  existing  network.  This  requires  an  entry  describ¬ 
ing  the  changes  and  then  finding  a  new  flow  solution  based  on  the  changed  condi¬ 
tions.  Outputs  are  based  on  the  new  flow  solution  and  may  be  compared  with  tfie 
old.  Usually  this  does  not  involve  a  lot  of  human  intervention  or  analysis. 

2.7.!  Outputs.  The  outputs  are  geared  for  the  executive,  stafi  and  analyst 
levels  wirn  time  intervals  as  annual,  quarterly  and  weekly,  respectively.  These 
outputs  are  routinely  grouped  under  the  following  headings: 

a.  Executive  Summary 

b.  Slaft  Summary,  and 

c .  Analyst  Report. 
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The  Executive  Summary  is  a  one  page  report  which  is  intended  to  convey 
the  annual  expectations.  If  there  is  trouble  ahead,  such  as  shortfalls  in  the 
PTR ,  then  it  becomes  an  alerting  device  that  action  is  required  to  avert  the 
unwanted  event.  This  is  the  main  purpose  of  the  DSFM,  to  project  problem  areas 
in  time  to  prevent  them  from  occurring. 

The  Staff  Summary  is  both  a  planning  and  management  tool-  The  projec¬ 
tions  here  are  more  specific  than  the  Executive  Summary  with  respect  to  seasonal 
variations  and  perhaps  other  aberrations  in  the  planning  cycle.  It  puts  the 
staff  in  a  much  better  position  to  advise  the  command  on  whether  production  is 
on  track  or  off  and  to  what  extent  management  changes  are  appropriate. 

The  Analyst  Report  is  neither  a  planning  or  management  tool.  It  is 
intended  primarily  as  a  tool  for  the  staff  DSFM  Analyst  to  more  fully  comprehend 
the  trends  and  cyclic  changes  that  are  occurring  within  the  system.  The  DSFM 
Analyst  is  the  primary  advisor  to  the  various  elements  on  the  staff  as  to  why 
the  DSFM  projections  are  the  way  they  are.  They  do  not  always  project  the 
intuitive  expections  of  experienced  staff  personnel.  When  they  differ,  an 
Investigation  into  why  is  called  for  and,  as  experienced  so  far,  the  intuitive 
expection  is  often  the  correct  one.  The  algorithm  contained  in  the  DSFM  does 
not  lie.  What  frequently  occurs  is  that  the  input  which  represents  a  change  in 
operating  circumstances  is  not  as  representative  as  intended.  There  are  ins¬ 
tances  where  experienced  intuition  is  just  plain  wrong.  The  Analyst  Report  pro¬ 
vides  the  detailed  information  for  separating  the  two. 

SECTION  3.  STAFF  FUNCTIONS  RELATED  TO  TECHNICAL  OPERATIONS 

The  DSFM  is  a  potentially  powerful  and  flexible  planning  and  management 
tool  but  there  is  an  essential  interface  between  the  model  and  the  relevant  sce¬ 
narios  that  shape  the  solutions  produced  by  the  model.  It  is  of  fundamental 
importance  that  a  knowledgeable,  responsible  person  be  designated  who  under¬ 
stands  both  sides,  the  capabilities  of  the  model,  on  the  one  hand,  and  the 
proper  interpretation  of  the  scenario  in  terms  of  inputs  to  the  model,  on  the 
other.  While  the  DSFM  will  not  be  able  to  cope  with  all  conceivable  scenarios, 
the  extent  to  which  its  capabilities  can  be  exploited  will  depend  on  the  profi¬ 
ciency  of  this  individual.  That  key  person  is  the  designated  Staff  DSFM  Ana¬ 
lyst.  The  duties  of  the  DSFM  Analyst  are  briefly  summarized  in  the  following 
paragraphs. 
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a-  Routine  Reports*  Provide  routine  periodic  SNA  flow  projections  under 
the  existing  end  expected  operetlng  conditions  for  a  three  year  period*  These 
outputs  are  to  be  provided  to  all  interested  levels  and  divisions  in  the  staff* 
These  will  provide  a  common  structure  for  discourse  within  the  staff,  subordi¬ 
nate  commands  and,  to  the  extent  the  command  wishes,  external  commands  and 
staffs*  These  routine  projections  will  represent  the  real  life  expectations  of 
production  for  aviators  within  the  training  command*  For  these  to  be  truly 
realistic  will  require  that  the  DSFM  Analyst  be  *on  top  of  the  situation'  in  the 
sense  of  good  inputs  and  timely  updates.  Direct  informal  contact  with  the 
TRAWING  Staffs  should  be  authorized.  He  should  earn  and  maintain  their  confi¬ 
dence  that  privileged  information  concerning  management  actions,  current  and 
future,  will  not  be  abused. 

b.  Ad  Hoc  Reports.  WHIF  drills  (hypothetical  scenarios)  are  an  Integral 
part  of  staff  day-to-day  evolutions.  Often  they  are  a  result  of  external  sti¬ 
muli  but  when  you  have  a  wholly-owned  comprehensive  management  tool  such  as  the 
DSFM,  internal  demands  for  experimental  runs  will  become  a  considerable  part  of 
the  DSFM  executions.  For  example,  if  we  go  to  a  5-1/2  day  flying  week,  what 
will  be  the  PTR  change  and  when  will  it  occur?  How  should  we  phase  in  the 
extended  work  week  to  keep  the  pipeline  flows  in  balance?  The  DSFM  Analyst  will 
know  how  to  Interpret  this  WHIF  in  terms  that  are  meaningful  to  the  model, 
dually  important,  he  will  know  the  right  questions  to  ask  the  party  making  the 
request. 

c.  Output  Analysis*  The  logic  built  into  the  DSFM  is  rigorous  and  the 
solutions  are  certain  with  respect  to  maximum  student  flow  and  minimum  time  to 
train*  Nonetheless,  solutions  based  on  new  operating  conditions,  for  example, 
do  not  always  conform  to  the  expectations  based  on  staff  intuition.  When  this 
occurs,  the  DSFM  Analyst  may  be  asked  to  analyze  the  result  to  determine  the 
reason  the  results  are  what  they  are.  The  DSFM  is  geared  to  produce  a  variety 
of  Information  for  the  express  purpose  of  this  kind  of  analysis  but  the  investi¬ 
gation  may  be  very  time  consuming  anyway.  As  experience  is  gained,  there  will 
be  fewer  and  fewer  new  questions,  however. 

4*  Data  Files*  Files  containing  DSFM  input  data  must  be  maintained. 
These  files  will  contain  information  to  the  extent  the  DSFM  Analyst  considers 
necessary  and  may  be  structured  or  unstructured  as  he  wishes. 

e.  ADP  Interface.  The  DSFM  Analyst  serves  as  the  single  point  of  con¬ 
tact  between  the  user  staff  and  the  supporting  data  processing  activity.  He  may 
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be  a  member  of  the  data  processing  activity  providing  the  activity  is  organic  to 
the  staff,  otherwise,  he  should  be  a  staff  member.  Some  ADP  experience  would  be 
very  valuable  in  his  role  as  go-between.  The  formatting  of  input  data  will  be 
as  required  by  the  local  relationship  between  the  DSFM  Analyst  and  the  data  pro¬ 
cessing  activity, 

3.1  Initiation i  Procedures,  The  DSFM  is  designed  for  batch  processing.  The 
procedure  for  initiating  a  DSFM  execution  is  essentially  a  conversational  one. 
The  staff  member  who  initiates  arm  request  discusses  his  needs  with  the  DSFM 
Analyst  who  in  turn  will  list  the  .  ssential  input  requirements  to  formalize  the 
Job  request.  This  is  the  most  iractical  procedure  for  utilizing  the  DSFM. 
While  it  is  possible  that  job  requests  could  be  formatted,  that  would  require 
that  each  individual  staff  user  would  have  to  learn  more  about  the  DSFM  than  he 
would  care  to  learn.  With  the  DSFM  Analyst  serving  as  the  translator,  we  need 
train  only  one  person  who  can  then  respond  to  all  potential  users  with  an  autho¬ 
ritative  voice, 

3.2  Staff  Input  Requirements.  This  introductory  paragraph  on  DSFM  inputs  will 
set  forth  a  framework  for  the  more  detailed  discussion  to  follow  on  the  acquisi¬ 
tion  and  preparation  of  the  various  Inputs  to  the  model.  Fundamentally,  the 
structure  of  the  DSFM  is  a  network  composed  of  arcs  and  nodes  as  illustrated 
below. 


Each  node  has  a  unique  NAME,  The  NAME  is  in  thiee  parts,  XYZ,  where: 

X  is  an  alpha  character  identifying  that  class  of  nodes, e.g,,  ini¬ 
tial  node  of  the  Primary  flight  phase, 

Y  is  the  sequence  number  of  the  fiscal  year,  1  through  5,  e.g., 

the  start  time  for  the  DSFM  is  in  FY80,  then  '1'  would  indicate 
FY80  and  '5'  would  Indicate  FY84,  and 

Z  is  a  number  indicating  the  week  number,  1  through  32,  in  the 
1 iscal  year. 

Iivreaf ter,  X,  Y  and  Z  will  be  referrtd  to  as  del  ined  above. 

An  extremely  primitive  reprerentation  of  the  UPT  network  is  sketched  in 
Figure  3.1.  This  is  a  static  display  so  in  order  to  achieve  the  dynamic  dimen¬ 
sion  that  Is  required  the  network  must  be  expanded  in  time,  week  by  week, 
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because  that  is  the  scheduling  interval  for  starting  classes  in  the  DPT  system. 
When  we  expand  the  network  in  Figure  3-1  as  shown  in  Figure  3.2,  we  can  see  how 
rapidly  the  number  of  arcs  and  nodes  proliferate. 

bach  arc  is  assigned  three  parameters: 

Time  duration  in  weeks*  , 

Maximum  capacity,  and 

Minimum  capacity  in  the  number  of  students  per  week. 

The  time  duration  of  an  arc  is  always  e‘  ual  to  the  year  and  week  (the  YZ) 
of  the  terminal  node  minus  the  year  and  week  of  the  initial  node  except  when 
including  any  part  of  the  Christmas  holidays.  When  a  Christmas  holiday  week  is 
included  it  is  automatically  counted  as  zero.  The  time  duration  of  an  arc  may 
tie  zero,  but  is  never  negative.  If  the  arc  represents  a  phase  of  training,  such 
as  Primary,  then  the  time  duration  would  be  the  expected  time  to  train  for  a 
student  entering  the  phase  at  the  time  (the  YZ)  of  the  initial  node.  He  would 
be  expected  to  complete  the  piiase  at  the  end  of  tiie  week  immediately  preceding 
the  time  of  the  terminal  node  -  -  ready  to  start  the  next  event  at  the  time  (YZ) 
of  the  terminal  node. 

The  maximum  and  minimum  capacities  are  two  non-negative  numbers  where  the 
minimum  is,  of  course,  never  greater  than  the  maximum.  For  a  feasible  flow 
solution,  the  flow  in  every  arc  must  be  on  or  between  these  upper  and  lower 
bounds.  The  upper  bound  may  be  thought  of  as  the  'permitted'  flow  and  the  lower 
as  tiie  'required  flow'.  The  lower  bound  is  very  useful  when  a  fixed  flow  is 
essential  such  as  an  established  student  input  schedule.  The  arc  capacities  are 
effective  for  events  whicn  start  at  the  time  (YZ)  of  the  initial  node. 

The  L1SFM  comprehends  only  time  durations  and  capacities,  but  the  arcs  in 
the  network  must  represent  a  variety  of  events  and  activities.  The  delineation 
i  i  Figure  3-3  is  strictly  an  expository  device  for  grouping  the  DSFM  arcs  by 
1  motion  in  a  common  framework  of  reference.  The  different  interpretations  one 
m  iy  assign  to  the  arc  capacity  and  time  to  train  according  to  the  arc's  function 
w;ll  be  indicated  briefly  here  by  way  of  introduction  before  describing  the 
it. put  requirements  in  detail.  As  the  full  exposition  develops,  it  will  be  seen 
that  a  variety  of  operational  and  management  information  can  be  represented 
through  the  knowledgeable  use  of  the  time  and  rapacity  arc  parameters.  With 
reference  to  Figure  3.3  then: 


*  In  Section  4,  Advanced  Techniques,  a  powerful  option  is  described  where 
this  parameter  does  not  necessarily  represent  time  but  it  would  be  a  dis¬ 
traction  to  introduce  the  technique  at  this  point  in  the  development. 
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Student  Input  Schedule.  The  input  schedule  of  students  into  the  Naval 
Aviation  Schools  Command  (NASC)  is  formally  published  each  year  for  the  follow¬ 
ing  fiscal  year*  Changes  are  sometimes  made  during  the  year  to  reflect  changing 
conditions  or  experience.  To  the  extent  that  an  input  schedule  is  known,  the 
min/max  capacities  of  the  weekly  input  arcs  would  be  indentical,  i.e.,  the  mini¬ 
mum  required  and  the  maximum  allowed  are  the  same.  Beyond  that  time  period,  one 
can  set  the  upper  capacity  to  infinity  and  the  lower  to  zero  and  let  the  DSFM 
solve  for  the  optimal  input  schedule  of  students.  Alternatively,  one  can  do  the 
same  for  the  entire  five-year  time  period  and  compare  the  optimum  schedule  with 
the  existing  input  schedule.  Intermediate  constraints  on  the  available  input 
schedules  are  clearly  possible.  The  time  duration  of  these  input  arcs  is  zero. 

Preload  of  Onboard  Students.  The  DSFM  can  be  initiated  at  any  time  dur¬ 
ing  the  year  that  the  onboard  student  load  is  known.  These  students  are  called 
the  Preload.  If  the  best  estimate  of  the  distribution  of  onboard  students  is 
that  they  are  evenly  distributed  with  respect  to  weeks-to-go-in-phase,  then  the 
phase  length  (in  weeks)  minus  one*  is  divided  into  the  number  of  students  to 
determine  the  size  of  each  preload  (onboard)  class.  These  classes  then  have  one 
week-to-go,  two  weeks-to-go,  etc.  If  there  is  reason  to  believe  that  the 
onboard  students  are  not  uniformly  distributed  in  the  weeks-to-go-in-phase,  then 
the  actual  or  estimated  distribution  can  be  entered  accordingly.  The  time  dura¬ 
tion  of  each  preload  arc  is  equal  to  the  weeks-to-go  for  the  class  represented, 
l.e.,  1,2,...,  time  duration  minus  one.  Th<  min/max  capacity  of  each  preload 
arc  is  equal  to  the  number  of  students  in  the  represented  preload  class. 

Phase  Training.  These  arcs  represent  the  actual  training  in  the  flight 
training  process.  In  UPT,  a  class  starts  every  week  excepting  two  weeks  during 
the  Christmas  Season.  The  time  and  capacity  to  train  in  UPT  are  affected  by 
seasonal  changes,  if  nothing  else.  A  full  explanation  of  how  these  are  calcu¬ 
lated  will  be  given  in  a  later  section.  These  parameters  are  also  affected  by 
other  factors  ranging  from  a  modest  change  in  the  aircraft  inventory  to  a  com¬ 
plete  cessation  of  a  phase  of  training.  The  minimum  capacity  may  be  used  to  set 
a  minimum  number  of  students  required  in  each  class.  In  the  schema  presented  in 
Figure  3.3,  flight  students  enter  at  the  left,  matriculate  through  the  flight 
training  program  to  the  right  and  finally  are  designated  a  Naval  Aviator  or  lost 
due  to  attrition  of  one  kind  or  another. 


*  The  minus  one  reflects  the  convention  that  no  onboard  student  has  the  full 
number  of  weeks-to-go  in  completing  the  phase*  The  full  number  of  weeks  are 
required  by  any  students  in  a  pool  awaiting  entry  into  the  phase. 
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Post load  of  Onboard  Students.  For  the  input  schedule  developed  by  the 
OSFM  to  be  accurate,  the  network  must  exist  such  that  all  students  entering  the 
system  during  the  time  period  of  interest  graduate  within  the  time  period 
modeled.  Considering  that  the  time  period  of  interest  begins  sometime  during 
the  first  year  modeled,  that  five  years  are  modeled,  and  that  the  longest  train¬ 
ing  path  is  on  the  order  of  one  year,  the  DSFM  can  model  that  portion  of  the 
first  year  following  the  start  of  the  time  period  of  interest  through  the  next 
three  years.  In  normal  use,  the  DSFM  has  been  called  upon  to  model  three  years 
Including  the  year  that  begins  the  time  period  of  interest. 

PTR-  These  arcs  are  normally  set  to  the  PTR  for  each  year;  but  they  may 
be  set  for  a  time  interval  as  small  as  a  week.  This  could  be  useful  in  deter¬ 
mining  the  effect  on  training  throughput  of  different  policies  on  expected  out¬ 
put,  e.g.,  level  monthly  outputs.  To  represent  a  required  PTR  for  any  time 
interval,  the  min/max  capacity  of  a  PTR  arc  is  set  equal  to  the  appropriate  PTR. 
Alternatively,  the  PTR  arc  maximum  capacity  could  be  set  to  infinity  with  the 
minimum  capacity  at  zero  and  the  resulting  flow  solution  would  represent  the 
maximum  throughput  of  the  training  system.  The  time  length  of  a  PTR  arc  is 
zero. 

Student  .Pools*  Student  pools  are  defined  as  those  students  available  to 
start  a  particular  phase  of  training  in  which  there  is  not  room  and,  as  a  conse¬ 
quence,  must  be  held  over  for  a  class  beginning  one  or  more  weeks  later.  Pool 
arcs  permit  a  student  who  has  completed  a  phase  to  wait  week  by  week  until  there 
is  an  opening  in  the  next  phase.  Since  the  algorithm  used  in  the  DSFM  seeks  the 
maximum  student  flow  with  the  minimum  time  to  train,  pooling  is  shunned  except 
in  instances  where  increased  total  feasible  flow  will  result.  Referring  again 
to  Figure  3-3,  the  actual  training  activities  are  viewed  as  moving  from  left  to 
right  and  down  with  time,  then  the  pool  arcs  are  decending  vertical  arcs  since 
no  training  is  taking  place.  Normally,  the  maximum  pool  capacity  is  set  at 
infinity  and  the  minimum  pool  capacity  to  zero,  allowing  for  unlimited  pooling. 
The  time  length  is  one  week. 

Transits.  These  arcs  are  sometimes  necessary  to  represent  a  nominal 
transit  time  in  weeks  between  phases  where  there  is  a  significant  geographical 
separation.  As  in  the  pool  arcs,  transit  arcs  are  vertical  since  no  training  is 
being  conducted.  The  min/max  capacities  are  zero  and  infinite,  respectively. 

The  specific  DSFM  input  descriptions  will  be  addressed  at  this  time  in 
the  following  order. 
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3-2.1 

Networks 

3.2.2 

Start  Time 

3.2.3 

Time  Period  of  Interest 

3.2.4 

Daylight  Hours 

3.2.5 

Weather 

3.2.6 

Time  to  Train 

3.2.7 

Annual  PTR 

3.2.8 

Postphase  Attrition 

3.2.9 

Student  Onboard  Load 

3.2.  10 

Student  Pools 

3.2.11 

Transits 

3.2.12 

Previous  Pipeline  Grads 

3.2.13 

Scheduled  Student  Entrl  s 

3.2.14 

Capacity  to  Train 

3.2. 15 

Resource  Requirements 

3.2.16 

NASC 

3.2.17 

FRS 

3.2.1  Networks .  The  initial  step  in  setting  up  a  DSFM  problem  is  the  sketching 
of  the  network  representing  the  segment  of  flight  training  which  is  being  exa¬ 
mined.  In  practice,  the  real  operational  network  does  not  change  much  over  time 
hut  networks  representing  different  scenarios  in  hypothetical  situations  may  be 
quite  varied.  It  is  sound  practice  to  have  a  network  library  system  which  uni¬ 
quely  identifies  each  network  that  is  structually  different  from  all  others. 
Several  runs  may  be  made  with  the  same  network  and  each  of  these  runs  should 
have  a  distinct  run  ID  assigned  to  it  to  distinguish  one  from  another  yet  all 
runs  should  be  associated  with  the  same  network  ID.  Networks  are  sketched  in 
their  static  form  showing  as  a  minimum  all  admissible  phase  training  arcs 
together  with  their  names  and  all  transit  arc*.  The  direction  of  student  flow 
must  also  be  indicated.  The  focal  point  of  this  exposition  on  input  preparation 
is  the  UPT  program  without  the  NASC  which  is  treated  separately.  The  jet,  prop 
and  helo  FRSs  are  also  treated  but  to  a  lesser  degree  than  UPT. 

a.  UPT.  A  network  delineating  the  existing  geographical  distribution  of 
the  UPT  program  is  given  in  Figure  3.4a  with  a  companion  descriptive  listing  of 
the  phases  and  their  locations  in  Figure  3. 4b.  A  network  of  even  more  detailed 
configuration  could  be  structured  for  the  DSFM,  e.g.,  a  network  including  indi¬ 
vidual  training  squadrons,  but  the  urge  to  include  all  relevant  detail  should  be 
tempered  by  considerations  for  responsiveness  and  economy  in  data  processing 
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times.  In  practice,  the  simpler  network  in  Figure  3.5  has  served  adequately  for 
many  purposes.  Here  we  have  assumed  that  all  phase  training  of  the  same  kind  is 
conducted  in  the  same  place,  vis  a  vis,  Figure  3.4.  When  certain  essential  arcs 
are  added  to  the  network  in  Figure  3.5,  it  becomes  the  network  in  Figure  3*6. 
Static  node  names  (letters  of  the  alphabet)  have  been  added  also.  This  expanded 
network  may  evoke  some  questions  which  will  not  be  addressed  at  this  point 
because,  in  the  interests  of  an  orderly  exposition  of  DSFM  inputs,  these  matters 
are  more  logically  taken  in  turn  at  a  later  time.  The  network  is  introduced  now 
so  that  it  may  be  referenced  in  the  relevant  discussions  to  follow.  Indeed, 
unless  otherwise  stated,  all  future  references  to  a  UPT  network  are  intended  to 
be  to  the  network  in  Figure  3.6. 

b.  NASC.  A  network  in  a  recent  application  of  the  DSFM  is  shown  in  Fig¬ 
ure  3.7.  This  network  was  used  for  calculating  the  SNA  inputs  into  NASC  thence 
into  the  Primary  flight  training  phase. 

c.  FRS.  Figure  3.8,  3-9  and  3.10  provide  the  current  networks  for  the 
FRSs  in  the  jet,  prop  and  helo  pipelines,  respectively.  The  abbreviation 
SERGRAD  stands  for  Selectively  Retained  Graduates  from  the  UPT  program.  The 
SERGRAD  is  retained  to  become  an  Instructor  Pilot  (IP)  in  the  UPT  program  before 
being  assigned  to  the  fleet.  SERE  stands  for  Survival,  Evasion,  Resistance  and 
Escape.  The  arcs  representing  the  different  Fleet  Readiness  Squadrons  have 
above  the  line  first  the  squadron's  unique  designator  and  then  the  type  aircraft 
flown.  Below  the  line  is  the  geopgrahic  location  of  the  squadron. 

3.2.2  Start  Ti®®«  The  DSFM  Start  Time  is  the  week  and  year  that  the  DSFM  prob¬ 
lem  is  initiated.  It  has  no  fixed  relationship  to  real  or  calendar  time.  For 
routine  updating  of  the  DSFM  projections,  the  Start  Time  is  normally  the  latest 
time  for  which  the  state  of  the  system  is  known  or  can  be  assumed,  i.e. ,  all  of 
the  data  to  be  described  below.  For  contingency  planning  involving  hypothetical 
situations,  the  Start  Time  may  be  past,  present  or  future. 

3.2.3  Time  Period  of  Interest.  The  Time  Period  of  Interest  (TPOI)  is  the  num¬ 
ber  of  years,  including  the  year  of  the  Start  Time,  expected  to  be  contained  in 
the  DSFM  projections.  This  is  normally  set  at  three  years  or  less.  Caution: 
As  currently  constructed,  the  DSFM  runs  internally  for  a  five-year  period  and 
five-year  projections  may  be  specified;  however,  the  DSFM  assumes  that  all 
training  is  terminated  at  the  end  of  the  five  years.  Output  reports  which 
relate  to  onboard  student  loads  will  be  affected  in  the  fifth  year  and  to  a 
minor  extent  in  the  fourth  year.  Most  of  the  popular  output  on  production  data 
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such  as  PTRs  are  not  affected  Chough  and  the  five-year  projections  can  be  quite 
useful  as  long  as  this  caveat  is  understood* 

3.2.4  Daylight  Hours.  For  flight  scheduling  purposes,  daylight  hours  are  con¬ 
sidered  to  begin  one-half  hour  after  sunrise  and  end  one-half  hour  before  sun¬ 
set.  A  table  of  flight  scheduling  daylight  hours  by  month  is  given  in  Figure 
3.11.  The  training  bases  are  all  fairly  close  to  the  30th  parallel  so  one  table 
is  approximately  correct  for  all  locations. 

3.2.5  W_eather.  Weather  data  are  collected  and  retained  by  CNATRA  for  each 
training  base,  each  squadron  at  the  base  and  each  type  aircraft  flown  by  the 
squadron.  These  data  are  reported  monthly  in  the  ASR  and  running  averages  over 
five  years  or  more  are  calculated  by  the  CNATRA  staff.  Figure  3.12  is  an  exam¬ 
ple  of  the  running  averages.  These  data  reduce  to  the  table  in  Figure  3.13  for 
the  network  in  Figure  3.5. 

The  percent  of  scheduled  flights  that  can  be  expected  to  be  flyable  as 
far  as  the  effects  of  weather  are  concerned  is  considered  to  be  the  percentage 
of  flyable  weather.  Data  are  collected  according  to  the  following  equation. 

WXZ  -  100 [ (Scheduled  flights  -  Flights  lost  to  WX)/Scheduled  flights] 

Notice  that  scheduled  flights  lost  to  lack  of  aircraft,  students,  instructors, 
etc. ,  are  not  a  function  of  the  weather  factor.  Also,  note  this  is  not  Just  a 
pure  meteorological  factor  -  the  type  training  and  mission  play  a  role. 

3.2.6  Time  to  Train.  This  is  the  planned  average  scheduled  weeks  for  a  student 
to  complete  a  phase  of  training.  This  is  the  average  total  time  in  the  squadron 
and  includes  the  total  flight  and  simulator  sylle'^i,  ground  school  and  any  other 
formal  schools  under  the  purview  of  the  particular  squadron.  In  our  example, 
the  latest  available  values  are  the  following  planning  factors. 


Phase 

Time  to  Train 

PR: 

Primary 

20  weeks 

IP: 

Intermediate  Prop 

5 

IS: 

Intermediate  Strike 

22 

AS: 

Advanced  Strike 

18 

PH: 

Primary  Helo 

5 

AH: 

Advanced  Helo 

11 

PM: 

Phased  Maritime 

20 

TR1 : 

Transit  PR  to  I! 

2 

TR2: 

Transit  PR  to  PM 

2 
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DAYLIGHT  FLYING  HOURS 

DAYLIGHT  HOURS/DAY 


MONTH 

SUNRISE 

SUNSET 

MINUS  i 

OCT 

0601 

1729 

10.5 

NOV 

0625 

1704 

9.7 

DEC 

0648 

1702 

9.2 

JAN 

0657 

1722 

9.4 

FEB 

0641 

1748 

10.1 

MAR 

0610 

1808 

11.0 

APR 

0533 

1828 

11.9 

MAY 

0506 

1847 

12.7 

JUN 

0458 

1902 

13.1 

JUL 

0509 

1902 

12.9 

AUG 

0527 

1841 

12.3 

SEP 

0544 

1805 

11.4 

11.2  average 


Reference:  Sunrise  and  sunset  times  were  taken  from  a  1976  World  Almanac 

for  the  15th  of  each  month  at  30°  north  latitude. 

Note:  The  daylight  flying  day  is  defined  as  beginning  one-half  hour  after 
sunrise  and  ending  one-half  hour  before  sunset.  Further,  normal  op¬ 
erations  are  based  on  a  five-day  week,  50-week  training  year  and  240 
scheduled  days  per  year. 


Figure  3.11 
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Caution:  Time  to  Train  la  given  only  In  Integer  values  to  the  DSFM.  Normally, 
planning  factors  are  also  Integer  valued  although  occasionally  they  may  go  to 
one  decimal  place  In  which  case  they  must  be  rounded  off.  Also  the  average  tire 
to  train  must  hold  for  the  entire  five-year  period;  however,  in  practice  this  is 
no  real  constraint.  If  the  average  time  to  train  is  altered  during  the  five- 
year  period,  the  capacity  to  train  (described  later)  can  be  set  to  zero  and 
another  arc  previously  set  to  a  zero  capacity  can  introduce  the  new  appropriate 
average  time  to  train  at  the  correct  time  interval.  This  may  be  necessary  when 
there  is  a  syllabus  change,  a  base  closure  or  some  other  cause. 

Given  this  average  time  to  train,  the  weekly  variations  due  to  seasonal 
changes  in  the  weather  and  daylight  hours  will  be  automatically  calculated  by 
the  DSFM  program.  This  weekly  time  to  train  is  defined  as  the  time  in  weeks 
that  a  student  could  expect  to  spend  in  completing  the  phase  if  he  enters  the 
phase  at  the  beginning  of  that  particular  week. 


Since  the  weeks-to-train  parameter  is  automatically  computed,  an  explicit 
description  of  how  these  computations  are  made  is  in  order;  but,  first,  a  few 
words  about  the  rationale  underlying  the  calculations.  It  can  be  noted  from 
historical  data  that,  for  a  phase  involving  flight  training,  winter  classes  are. 
In  general,  longer  than  summer  classes.  It  can  also  be  noted  that  available 
daylight  flyable  hours  (daylight  hours  times  weather  factor)  are  less  in  the 
'•'intor  than  in  the  summer.  Since  most  UPT  phases  are  predominately  daylight 
flight  training,  the  inverse  relationship  between  available  daylight  flyable 
hours  and  class  length  is  taken  to  be  a  cause  and  effect  relationship.  The 
basic  assumption  is  that  total  number  of  required  daylight  flyable  hours  remains 
constant  for  the  completion  of  each  class  without  regard  to  the  time  of  the 
year;  this  assumption  being  consistent  with  the  fact  that  winter  classes  are 
longer  than  summer  classes. 

The  relevant  planning  factors  are: 

L  Annual  average  class  length  in  weeks 

Hjj  Daylight  hours  on  day  i  of  the  jth  week 

Wjj  Weather  factor  on  day  i  of  the  jth  week 

Djj  Work  day  factor (1  ->  workday,  0  ->  non-workday)) 

The  flyable  hours  during  the  jth  week  are  then: 


Fj  "  Djj  Wij  Htj 
1-1 
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The  annual  average  flyable  houra  >er  training  week,  F,  may  be  calculated 
baaed  on  50  training  weeks  per  year  (two  weeks  off  at  Christmas): 

52 

F  -  Fj/50  . 

J-l 

Therefore,  the  average  flyable  hours  available  to  the  average  class  of  length  L 
is  F  x  L  and  it  is  this  value  that  is  used  to  determine  the  length  of  a  par¬ 
ticular  class. 

The  sum  of  the  flyable  hours  available  to  a  class  of  length  n-weeks 
staring  in  week  j  is: 

n  J+n-1 

F  -  £  Fk  * 

J  k-j 

To  find  the  length,  Lj  ,  of  the  jth  class,  the  minimum  integer  n  is  sought 
that  satisfies: 

Min  n|F”  >  FL 


Then, 

n,  if  (F"  -  FL) / (Fj  -  F"*1)  <  .5  , 

LJ  = 

n-1,  otherwise. 

3.2.7  Annual  Pilot  Training  Rates.  The  Pilot  Training  Rates  (PTRs)  are  pub¬ 
lished  by  the  Aviation  Manpower  and  Training  Division  (Op-59)  of  the  Office  of 
the  Chief  of  Naval  Operations.  They  are  published  at  least  annually  and  more 
often  as  changes  occur.  The  PTR  establishes  not  only  the  annual  total  rate  but 
also  the  breakdown  by  Navy /Marine/Coast  Guard/Foreign  and  by  pipeline  —  Jet / 
Prop/Helo.  To  this  we  have  added  the  five-year  totals  and  percentages  by  pipe¬ 
line  as  shown  in  Figure  3.14.  These  percentages  are  a  factor  in  calculating 
postphase  attritions  and  the  allocation  of  the  same  type  of  aircraft  among 
phases. 

3.2.8  Postphase  Attrition.  The  lnphase  attrition,  A,  is  the  expected  percen¬ 
tage  of  students  commencing  a  phase  who  will  not  successfully  complete  the  phase 
for  any  reason  (flight  failure,  own  request,  physical,  fatalities,  etc.).  The 
table  below  contains  the  inphase  attritions  currently  used  in  the  UPT  DSFM. 
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PILOT  TRAINING  RATE  ( PTR) 
FY79-83 


JET 

PROP 

HELP 

TOTALS 

FY79 

NAVY 

375 

295 

215 

885 

MARINE 

165 

0 

305 

470 

CG&F 

30 

47 

54 

131 

TOTALS 

570 

342 

57  4 

1,486 

FY80 

NAVY 

318 

316 

251 

885 

MARINE 

158 

0 

292 

450 

CG&F 

30 

47 

54 

131 

TOTALS 

506 

363 

597 

1,466 

FY81 

NAVY 

324 

322 

254 

900 

MARINE 

188 

0 

282 

470 

CG&F 

30 

47 

54 

131 

TOTALS 

542 

369 

590 

1,501 

FY82 

NAVY 

342 

340 

268 

950 

MARINE 

188 

0 

282 

470 

CG&F 

30 

47 

54 

131 

TOTALS 

560 

387 

604 

1,551 

FY83 

NAVY 

342 

332 

276 

950 

MARINE 

188 

0 

282 

470 

CG&F 

30 

47 

54 

131 

TOTALS 

560 

379 

612 

1,551 

5-YR  TOTAL 

2,738 

1,840 

2,977 

7,555 

5-YR  PERCENTAGES 

Note:  PTR  for  FY84 

36.2% 

same  as 

24.4% 

for  FY8 3. 

39.4% 

100% 

Figure  3. 14 
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16 
2 

IS  8 

AS  4 

PH  2 

AH  4 

PM  4 


The  postphase  attrition,  A+,  represents  the  percentages  of  expected 
losses  in  the  number  of  phase  graduates  before  final  graduation  from  UPT.  The 
projected  PTRs  and  the  proportionate  share  of  the  total  by  each  of  the  three 
pipelines  figure  into  the  calculations  of  some  of  the  postphase  attritions.  The 
proportion  of  each  pipeline  would  not  matter  if  it  were  not  for  the  sharing  of 
phases  such  as  Primary  (PR).  By  convention,  we  will  designate  the  prephase 
attrition  as  +A.  The  definition  is  the  same  as  for  A+  except  that  'phase  ent¬ 
rants'  replaces  'phase  graduates.' 

Figure  3.15  is  one  way  of  presenting  the  postphase  attrition  and  related 
data.  The  upper  number  in  the  boxes  is  the  number  of  students  entering  the 
phase  to  produce  100  pipeline  grads.  The  lower  number  is  the  prephase  attri¬ 
tion.  The  computations  are  carried  out  from  right  to  left  in  the  figure*  The 
number  of  entrants,  E  ,  to  any  phase  to  produce  100  pipeline  grads  is  equal  to: 

E  -  100/ ( 1-A) ( 1-A+)  , 

and  the  prephase  attrition: 

+A  -  100(E-100)/E  . 

For  example,  the  JET  pipeline  would  be  calculated  as  follows: 

E  to  AS  -  100/. 960  -  104.2,  and 
+A  to  AS  -  4.2/104.2  -  4. OX 

+A  to  AS  is  A+  from  IS,  therefore: 

E  to  IS  -  100/ (.920)  (.960)  -  113.2,  and 
+A  to  IS  -  13.1/113.2  -  11.7% 

And 

E  to  PR  -  100/ (.840) (.883)  -  134.8  ,  and 
+A  to  PR  -  34.8/134.8  -  25. 8T. 

Note:  Values  shown  for  PR  are  for  the  JET  pipeline  only. 


-  47 


POSTPHASE  ATTR  -TIONS 


T-447 


In  Figure  3.15,  the  output  of  PR  branches  into  the  three  pipelines:  JET, 
PROP  &  HELO.  The  numbers  to  the  right  of  the  vertical  line  connecting  PR  to  IS, 
PM  and  IP  are  pipeline  peculiar;  the  numbers  to  the  left  of  the  vertical  are 
weighted  for  the  PTR  percentages  and  are  to  be  used  when  the  pipeline  assign¬ 
ments  are  not  known.  The  lefthand  numbers  are  calculated  as  follows: 


XPTR 

E 

JET 

35.6 

X 

113  - 

40.2 

PROP 

26.0 

X 

104  - 

27.0 

HELO 

38.4 

X 

108  - 

41.5 

108.7  students 

Similarly: 

%PTR 

+A_ 

JET 

35.6 

X 

11.7  - 

4.2 

PROP 

26.0 

X 

4.0  - 

1.0 

HELO 

38.4 

X 

7.7  - 

3.0 

8.2X 


The  number  of  students 

,  E  ,  to 

enter  PR  is: 

JET 

113/. 84 

-  135 

PROP 

104/. 84 

-  124 

HELO 

108/. 84 

-  129 

The  prephase  attrition,  +A  ,  into  PR  is  the  pipeline  loss  divided  by  the 
number  of  pipeline  entrants: 

JET  35/135  -  25. 9X 

PROP  24/124  -  19. 4X 

HELO  29/129  -  22. 5X 

The  percentage  of  all  entrants  into  PR  to  achieve  the  right  balance  in 
the  pipeline  PTRs  is: 


Pipeline 
E — >PR 

TO 

JET 

135 

X 

35.6 

■ 

00 

• 

PROP 

124 

X 

26.0 

-  32.2 

HELO 

129 

X 

39.8 

-  49.5 

Total:  129. 8  students 
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Weigh ted  Ave rage 


JET 

40-1/129.6  = 

37.  1% 

PkOP 

32.2/129.8  = 

24.8* 

llELO 

49.5/129.8  = 

38.1* 

100.0% 

3  2.9  Student  Onboard  Load.  The  onboard  load  (OBL)  of  students  in  eacli  squa¬ 
dron  and  eacli  phase  within  a  squadron  can  be  obtained  from  the  monthly  Aviation 


Statistical  Report  (ASK).  The  nui  ber  of 

students  in  transit  is  not  explicitly 

reported  so  this  parameter  is 

estimated  to 

be 

the  number  oi  transit  weeks  times 

the  weekly  capacity  to  train 

for  the  next 

phase  of  training-  In  our  example, 

the  (OLL)s  ior  the  first  week 

of  FYdl  are 

give; 

n  in  the  following  table. 

Phase 

(ul>L) 

(OBL )+ 

Pit 

597 

500 

11' 

bb 

63 

IS 

327 

301 

AS 

198 

194 

Pil 

68 

6o 

AH 

133 

130 

PM 

180 

176 

TK1 

24 

21 

TU2 

18 

17 

the  (OBL)+  column  is  the  (OBL) 

reduced  fo  - 

the 

inphase  and  postphase  attritions. 

i.f.  the  expected  number  of  pipeline  graiuates.  Unless  there  is  information  to 
the  contrary,  we  may  assume  that  the  onboard  students  are  uniformly  distributed 
in  the  weeks  to  go  in  the  phase  and  also  in  the  likelihood  of  being  attrited.  A 
consequence  of  this  is  that  one-half  of  the  inphase  attrition,  A  ,  has  already 
taken  place.  That  is.  the  original  number  of  entrants  into  the  phase  of  those 
now  in  the  phase  (uhL)  is  closely  approximated  by  (OUL) /( l-A/2 ) .  The  number  of 
entrants  then  suffer  an  attrition  equal  to  A  so  the  number  exposed  to  the  post- 
pn.ise  attrition.  A+  ,  is 

[ (OBL) / C l-A/2 ) J ( i-A)  . 

I herefore . 

(OBL)+  -  ( (OBL)/ (l-A/2 ) J ( 1-+A)  - 

ilu  re  is  no  inphase  attrition  for  the  transit  arcs,  only  postphase  attrition. 
For  1 K l  (.ILT)  tills  is  11.7%  and  for  TR2  (PROF)  it  is  4.U*. 
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The  UP1  bystem  is  roughly  a  year  in  length  ami.  as  such,  about  one  year's 
input  of  students  are  in  the  system  at  any  point  in  time-  The  current  state  of 
the  system  for  purposes  of  starting  up  the  DSFN  is  accounted  for  by  preloauing 

the  network  with  a  1  low  representing  the  students  in  the  system  at  the  aeginning 

of  tin;  time  period  of  interest. 

if  the  best  estimate  of  the  distribution  of  onboard  students  is  that  they 

are  evenly  distributed  with  respect  to  weeks  to  go  in  phase,  then  the  USFM  will 

automatically  calculate  this  distribution.  The  USKli  considers  the  phase  length 
in  weeks  for  that  particular  time  of  the  year  and  divides  the  number  of  students 
on  boaru  by  that  number  of  weeks  minus  one-  The  minus  one  reflects  the  conven¬ 
tion  tfiat  no  onboard  student  at  USFM  start  time  tias  the  lull  number  of  weeks  to 
go  in  completing  the  phase.  The  full  number  of  weeks  are  required  by  any  stu¬ 
dents  in  a  pool  awaiting,  entry  into  the  phase. 

If  there  Is  reason  to  believe  that  the  onboard  students  are  not  uniformly 
distributed  in  the  weeks  to  go  in  phase,  then  the  actual  or  estimated  distribu¬ 
tion  can  be  manually  entered. 

j.2.lU  Student  Pools.  Pools  are  defined  as  those  students  available  to  start  a 
particular  phase  or  phases*  of  training  for  which  there  is  no  room  in  the  next 
class  and,  as  a  consequence,  must  be  held  over  for  a  class  beginning  one  or  more 
weeks  later  when  there  is  room.  Since  the  algorithm  used  in  the  USFM  seeks  to 
maximize  student  flow  with  the  minimum  time  to  train,  pooling  is  shunned  except 
in  instances  where  increased  total  feasible  flow  will  result- 

The  number  of  students  in  a  pool  awaiting  phase  training  are  contained  in 
the  monthly  ASK.  To  represent  pipeline  graduates  these  numbers  must  be  reduced 
by  +A  for  the  upcoming,  phase  or  by  A+  for  the  just-completed  phase  when  it  is 
optional  which  of  several  phases  raay  be  taken  next-  Usually  it  is  best  not  to 
allow  the  USFM  to  form  pools  at  a  node  in  the  network  whicli  is  connected 
directly  to  two  or  more  training  phases.  Refer  to  Figure  3.6.  liere  we  have 
inserted  the  'dummy'  arc  K  to  T  so  that  pools  will  form  at  T  awaiting  IP 
training.  Pools  are  not  allowed  to  form  at  Node  K  simply  by  not  constructing 
t ho  pool  arcs  in  the  'BUILD'  phase  of  the  network  description-  Pools  awaiting 
IS  ana  PM  training  can  form  at  nodes  W  and  H  ,  respectively,  alter  they  have 
transited  to  the  new  training  base. 

*  It  is  recognized  that  students  have  their  pipeline  assignments  when  completing 
4  j  t  hast  such  as  l’k  so  they  are  never  waiting  to  enter  more  than  one  phase  at 
4 ►  any  tine.  The  algorithm  for  generating  student  flows  does  not  have  this  infor¬ 
mation.  however  so  it  assigns  students  to  any  available  phase  as  the  students 
bee  one  a  v.l  i  I  a  u  1  e  • 
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3-2.11  transits.  Transit  arcs  are  sometimes  necessary  to  represent  a  nominal 
transit  time  in  weeks  between  phases  where  there  is  a  significant  geographical 
separation.  When  the  UPT  network  is  aggregated  as  in  Figure  3-5,  the  assignee 
transit  times  is  an  average  over  the  different  travel  times  weighted  by  the  dif¬ 
ferent  capacities  to  train  at  each  base-  Similar  to  the  time  to  train  parame¬ 
ter  transit  times  must  be  stated  in  integer  weeks- 

3  2-12  Previous  Pipeline  Grads-  When  the  DSFii  Start  lime  is  not  at  the  begin¬ 
ning,  of  a  fiscal  year,  it  is  essential  to  some  of  the  liSFi-l  outputs  to  include 
the  number  of  pipeline  graduates  previously  graduated  curing  the  initial  fiscal 
year  of  the  Lire  period  o£  interest-  These  are  introducea  as  capacities  in  the 
arcs  shown  in  Figure  3.0  as  'PRtV  ORAL/'  to  nodes  J,  ii  and  P  -  No  reduction  for 
attrition  is  applicable  here- 

3-2-13  Scheduled  Student  Entries.  The  input  schedule  of  students  into  NASC  is 
published  annually  by  an  OPNAVNOTE  1542.  See  Figure  3-16  for  a  sample  of  the 
format.  Changes  are  sometimes  mace  during  the  year  to  reflect  changing  condi¬ 
tions  or  experience-  Infrequently,  there  are  student  entries  that  bypass  the 
standard  course  at  NASC  and  enter  the  system  at  the  Pk  flight  training  level- 
The  recent  NFO  to  Pilot  program  is  an  example-  To  the  extent  that  the  input 
schedule  is  known,  the  inputs  are  converted  in  calendar  time  to  Pk  inputs  and 
in  numbers  equivalent  to  the  expected  pipeline  graduates  by  multiplying  the  PK 
‘"purs  by  (1-+A)  for  PK.  A  simple  subroutine  can  convert  the  NASC  inputs  to  PK 
inputs  by  accounting,  for  the  class  duration  and  attrition  in  NASC-  beyond  the 
date  date  when  the  student  input  schedule  is  known,  the  capacity  of  input  arcs 
is  normally  made  very  large  so  that  the  DSFM  can  select  the  optimum  input 
values.  The  time  duration  of  input  arcs  is  zero- 

3-2-14  capacity  to  Train-  A  basic  input  to  the  UPT  DSFM  is  the  average  number 
of  phase  graduates  per  week  C  ,  tor  every  phase  in  the  system-  This  average 
is  based  on  the  maximum  production  rate  to  be  expected  over  an  entire  year  for 
the  same  operating  circumstances-  The  number  need  not  be  used  in  the  DSFM  over 
an  entire  year  but  the  average  weekly  production  rate  must  be  averaged  over  a 
year  as  though  it  would  be.  When  this  number  has  been  appropriately  reduced  to 
pipeline  graduates  by  the  postphase  attrition,  A+  ,  as  explained  earlier,  it  is 
railed  C+  .  Civen  this  input  parameter,  then  the  weekly  variation  in  the 
capacity  to  train  for  a  particular  phase  is  automa t i ca 1 1 y  computed  by  the  fol¬ 
lowing,  relationship. 

c+  «  (  +l./l. 

I  I 
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whore  Cj^  is  defined  as  the  maximum  class  size  of  pipeline  graduates  to  enter  at 
the  beginning  of  the  jth  week • 

tlany  scenarios  call  for  one  or  more  changes  to  C+  for  a  particular 
phase*  Aircraft  inventories  change  over  time  Syllabi  are  modi  tied.  When  a 
phase  is  terminated,  the  capacities  .ire  reduce  I  to  zero  at  the  time  when  no  more 
entries  are  allowed  into  the  phase-  New  phases  can  be  initiated  by  the  reverse 
representation-  Unlike  L,  C-*-  can  be  changed  at  any  week  during  the  time 
period  of  interest-  Also,  the  may  be  individually  specified  for  each 

week  or  for  some  of  the  weeks.  The  automatic  computation  for  C+  will  De  only 
tor  those  time  spans  that  are  specified.  See  Figure  3.17  for  a  sample  format 
for  specifying  either  C+  or  ■  The  assigned  values  for  C+  or  need 

not  be  integer  valued  as  is  the  case  for  L. 

a.  The  method  of  determining  the  value  of  C+  is  independent  ot  the 
operation  of  the  DSFM>  It  can  be  arbitrarily  assigned  or  calculated  on  the 
basis  ol  some  rationale.  One  practical  method  is  to  oase  the  determination  on 
the  planning,  factors  for  aircraft  utilization  and  tne  total  llight  hours  per 
phase  grad  as  In  Figure  3.18.  The  final  column  in  this  tabulation  "1’ipeline 
Grads  per  Aircraft  per  Year"  multiplied  by  the  programmed  aircraft  inventories 
(as  supported  by  simulators)  in  Figure  3.19  vill  yield  values  lor  C  shown  in 
Figure  3.20.  This  method  provides  a  good  benchmark,  however,  if  the  capacity  to 
'rain  is  not  constrained  by  the  number  of  available  aircraft,  but  by  maintenance 
manning  levels,  number  of  effective  instructors  on  board,  or  some  other 
resource,  possibly  students,  then  the  computation  for  C  should  reflect  these 
constraints. 

Some  aircraft  are  used  in  more  than  one  phase.  Both  the  T2b  and  the  1'iAt 
are  used  in  the  PK  and  IF  phases.  For  purposes  of  determining  the  capacity  te 
train  for  each  of  the  two  phases,  it  is  necessary  to  allocate  the  aircralt 
between  the  two  phases  it,  indeed,  aircrait  are  the  pacing  resource  on  capacity. 
In  practice,  the  iu\ I’KACu'1  does  not  have  to  do  the  allocation  because  the-  same- 
squadrons  do  both  phases  of  training,  at  least  at  present,  out  with  the  tuture 
VTX  aircraft  this  may  not  be  so.  In  allocating  aircraft  of  the  same  type  among 
phases  the  pipeline  percentages  of  the  total  PTK  again  play  a  part.  Consider 


AIRCRAFT  PRODUCTIVITY  IN  PIPELINE  GRADS/YEAR 


PHASE  NAME 


TYPE  FLIGHT  FLIGHT  POST¬ 
AIRCRAFT  HOURS/  HOURS/  PHASE 

AIRCRAFT/  PHASE  ATTRI- 

YEAR  GRAD  TION 


FLIGHT  PIPELINE 
HOURS/  GRADS/ 

PIPELINE  AIRCRAFT/ 
GRAD  YEAR 


mm 

1 

Primary 

800 

109.5 

10.1 

121.8 

6.57 

800 

87.0 

10.1 

96.8 

8.26 

■ 

622 

86.2 

10.1 

95.9 

6.49 

Intermediate 

T34C 

800 

38.4 

4.9 

40.4 

19.80 

Prop/Helo 

T34C 

800 

29.9 

4.9 

31.4 

25.48 

T28 

622 

29.8 

4.9 

31.3 

19.87 

Maritime 

T44A# 

800 

136.0 

0.0 

136.0 

5.88 

T44A 

800 

108.3 

0.0 

108.3 

7.39 

Primary  Helo 

TH57 

643 

42.1 

5.0 

44.3 

14.51 

Advanced  Helo 

TH1 

578 

80.5 

0.0 

80.5 

7.18 

Basic  Jet 

T2C 

543 

134.0 

8.0 

145.7 

3.73 

Advanced  Jet 

TA4 

580 

144.7 

0.0 

144.7 

4.01 

♦without  2B37 
//without  2F29 


Figure  3.18 
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u - .  -i- - _ . _ it _ -i- 


Whiting : 

Primary  & 

T34C 

152  151  153  161 

169  170  169  168 

167  166  165  165 

Intermediate 

2B37 

3  7  10  13 

13 

Corpus : 

Primary  & 

T28 

94  94  93  93 

85  72  62  53 

42  29  16  4 

Intermediate 

Corpus : 

Maritime 

T44A 

55 

54 

53 

2F29 

12  3  4 

4 

Whiting : 

Primary  Helo 

TH57 

27  28 

Advanced  Helo 

TH1 

61 

Kingsville : 

Basic  Jet 

T2C 

44 

Advanced  Jet 

TA4 

49 

Chase : 

Basic  Jet 

T2C 

46 

Advanced  Jet 

TA4 

48 

Meridian : 

Basic  Jet 

T2C 

34 

Advanced  Jet 

TA4 

31 

Pensacola : 

Basic  Jet 

T2C 

15 

Advanced  Jet 

TA4 

13 

Note  :  Blank  entries  on  a  line  indicate  a  repeat  of  the  last  value  entered 
on  the  left. 


Figure  3.19 


CAPACITIES:  PHASE  GRADS/WEEK 


Type  FY80  FY81  FY82 

A/C  Q1  Q2  Q3  Q4  Q1  Q2  Q3  Q4  Q1  Q2  Q3  Q4 


Whiting: 

T34C 

Primary 

164  176  192  220 

230  231  230  230 

228  226  225  225 

Intermediate 

107  118  130  143  ' 

153  153  153  148 

Corpus  : 

T28 

Primary 

100  100  100  100 

91  77  66  57 

45  31  17  4 

Intermediate 

68  68  68  68 

60  52  44  36 

23  20  12  4 

Corpus  : 

T44A 

Maritime 

65  68  71  75 

30 

78 

Whiting : 

Primary  Helo 

TH57 

78  81 

Advanced  Helo 

TH1 

88 

Kingsville : 

Basic  Jet 

T2C 

33 

Advanced  Jet 

TA4 

39 

Chase  : 

Basic  Jet 

T2C 

34 

Advanced  Jet 

TA4 

38 

Meridian : 

Basic  Jet 

T2C 

25 

Advanced  Jet 

TA4 

25 

Pensacola : 

Basic  Jet 

T2C 

11 

Advanced  Jet 

TA4 

10 

Note  1:  All  capacities  are  shown  in  tenths,  i.e.,  164  -->  16.4  grads/week. 

Note  2:  Blank  entries  on  a  line  indicate  a  repeat  of  the  last  value  entered 
on  the  left. 


Figure  3.20 
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Average  Total  Aircraft  Hours  per  Phase  Graduate 
Aircraf  t  Primary  (P_K)  Phase _ Int .  Projj  (IP)  Phase 

T28  86.2  hours  29.8  hours 

T34C  without  2B37  109.5  38. A 

T34C  with  2837  87.0  29.9 

With  reference  to  Figure  3.15,  the  postphase  attrition  chart,  it  ....  noted  that: 

bl.94  of  the  Primary  graduates  go  directly*  to  the  JET  or  PROP  pipelines. 
38-14  of  the  Primary  graduates  go  to  the  Int.  Prop  (IP)  Phase. 

Theref  ore : 

126 

iu04  ot  students  get  86.2  hours  in  PR 
38.14  of  students  get  29.8  hours  in  IP 


66.2/97.6  =  86.34  assigned  as  PR  aircraft 
II. 4/97. 6  *  11.74  assigned  as  IP  aircraft 

T34C  without  2837 

••>04  of  students  get  109.5  hours  in  PR 
36.14  of  students  get  38.4  hours  in  IP 


86.2  hours 
11.4 


97.6  ave.  hrs- 
per  stud- 


109-5  hours 
14.6 


124.1  ave.  hrs. 
per  stud. 

109.5/124.1  *  88.2*  assigned  as  PR  aircraft 
11.8/124.1  »  11.84  assigned  as  IP  aircraft 


*  inis  assumes  that  all  PROP  pipeline  students  go  through  Phased  Maritime  (PM). 
This  may  not  be  true  for  some  or  all  may  go  through  Advanced  Maritime  (MT)  which 
requires  the  IP  phase  as  well. 
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T34C  with  2B37 

1002  of  students  get  87*0  hours  in  PR  67.0  hours 

38.12  of  students  get  29.9  hours  in  IP  11.4 

98.4  ave.  hrs. 
per  stud. 

87.0/98.4  -  88.42  assigned  as  PR  aircraft 
11.4/98.4  -  11.62  assigned  as  IP  aircraft 

The  2B37,  referred  to  above,  is  a  flight  simulator  trainer.  The  avail¬ 
ability  of  sophisticated  training  devices  (OFT  and  FIT)  can  have  a  marked  effect 
on  the  total  training  capacity  of  various  phases  of  the  training  pipeline. 
Although  flight  simulators  are  not  generally  considered  to  be  a  constraining 
resource,  to  some  extent  they  substitute  directly  for  aircraft  flight  hours  in 
pursuing  training  objectives.  The  availability  of  flight  simulators  can  be  very 
significant  to  the  productivity  of  the  actual  aircraft  on  board  since  there  can 
be  a  substantial  difference  between  the  aircraft  hours  required  per  phase  gradu¬ 
ate  with  and  without  the  simulators.  Particular  care  must  be  exercised  in 
adjusting  flight  hours  per  phase  graduate  to  accommodate  introduction  schedules 
for  new  simulators  or  changes  in  the  syllabus  mix  of  aircraft  and  simulator 
flight  hours. 

When  available  aircraft  are  used  as  the  constraining  factor  on  C  ,  the 
student  flow  solution  can  be  checked  to  see  if  other  resources  can  meet  the  flow 
requirements.  Standard  planning  factors  and  routine  empirical  data  can  be  used 
to  project  the  adequacy  of : 

(1)  Instructors 

(2)  Maintenance  personnel 

(3)  OPTAR  funds 

Should  any  of  these  appear  to  be  inadequate,  then  an  appropriate  C  should  be 
designated  to  reflect  this  and  a  new  DSFM  run  executed  with  the  more  realistic 
run  parameters. 

b.  In  (a)  above  we  discussed  only  the  capacity,  C  ,  -  the  permitted 

flow.  This  upper  bound  on  the  flow  of  students  through  the  system  usually 
reflects  operational  or  scheduling  limitations.  There  is,  though,  the  companion 
flow  parameter,  M  (for  minimum),  which  states  the  value  of  a  required  flow  in 
the  arc,  l.e.,  this  is  the  lower  bound  for  a  feasible  flow.  The  value  for  M  is 
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it  is  usually  for  flow 


ot ten  set  at  zero,  but  when  it  takes  on  a  greater  value, 
control  purposes  in  contrast  to  C  which  is  a  capacity  limitation.  To  bring 
this  into  sharper  focus,  the  typical  settings  of  C  and  M  will  be  given  for 
the  different  groups  of  arcs  described  in  Section  3.2.  We  will  also  include  the 
time  to  train,  L  ,  because  it  is  convenient  to  do  so  at  this  time.  A  discus¬ 
sion  of  some  of  the  variations  on  the  assignment  of  C  ,  M  and  L  will  be 
deferred  until  Section  A  where  some  advanced  techniques  for  using  the  DSFM  will 
be  addressed. 

( 1 )  Scheduled  Student  Input 

C  =  scheduled  input  less  the  NASC  attrition  and 
delayed  for  the  weeks  spent  in  NASC  classes 
M  =  C 
L  =  0 

( 2 )  (J nscheduled  Student  Inputs 

C  =  999 
M  *  0 
L  =  0 

( 3 )  P re loan  of  Onboard  Students 

C  =  (OBL)/(L-I) 

M  =  C 

L  =  1,2,... , L-l 

(A)  Phase  Training 

C  =  Average  maximum  capacity  to  train  for 
the  current  time  period 
M  =  0 

L  =  average  time  to  train  for  the  phase 

(5)  Post  load  c)f  Onboard  Students 

Not  necessary  to  set  individual  C  ,  M  or  L  as 
they  were  set  in  the  Phase  Training  arcs  above 

(b)  Preload  Pools 

C  «  number  of  students  awaiting  entry  into  the 
phase  as  reported  in  the  ASk  or  otherwise 
M  -  C 
L  -  0 
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(7)  Computed  Pools •  Throughout  the  TPOI  there  are  vertical  arcs 
connecting  the  initial  nodes  of  Phase  Training  arcs  in  the  DSFM  network  which 
accommodate  the  student's  delay  from  week  to  week  when  there  is  insufficient 
capacity  in  a  phase  for  them  to  start  when  they  arrive.  These  are  called  pool 
arcs-  For  these  arcs: 

C  -  999 
M  -  0 
L  -  1 

(8)  Buffer  Pools.  It  is  often  desirable  to  plan  for  a  precau¬ 
tionary  or  buffer  pool  awaiting  the  PR  phase.  This  is  simply  to  ensure  that 
enough  students  are  available  to  feed  the  flight  training  pipeline  so  that 
costly  and  non-retrlevable  resources  do  not  lie  idle.  The  number  in  the  pool  is 
arbitrary  but  it  has  been  set  customarily  at  75  in  which  case  the  arcs  connect¬ 
ing  the  PR  class  starting  times  (the  vertical  holdover  arcs)  have: 

C  -  999 
M  -  75 

L  -  1 

Note.  The  lower  bound,  M,  is  set  to  75  only  after  such  time  as  the  Unsche¬ 
duled  Student  Inputs  (above)  are  made  available  to  PR. 

( 9 )  Transit  Arcs 

C  -  999 
M  -  0 

L  -  nominal  transit  time  (a  constant) 

3.2.15  Resource  Requirements.  Planning  factor  information  acquired  from  a  var¬ 
iety  of  sources  may  be  applied  against  data  from  a  standard  DSFM  student  flow 
solution  to  calculate  the  resource  requirements  projected  through  the  TPOI. 
Among  the  standard  NATRACOM  planning  factors  are: 

a.  total  aircraft  hours  per  phase  grad 

b.  maintenance  personnel  per  aircraft 

c.  Instructor  pilot  flight  hours  per  phase  grad 

d.  annual  utilization  of  instructor  pilots 

Additional  sources  such  as  the  Navy  Resource  Model  (NARM)  (8]  and  the  Visibility 
and  Management  of  Operating  and  Support  Costs  (VAMOSC)  [9]  can  yield  factors  for 
projecting: 
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a.  Direct  Costs  - 

(1)  Aircraft  Operation  (OMN) 

(2)  Aircraft  Rework  (OMN) 

(3)  Replenishment  Spares  (7PN) 

(4)  Personnel  (MPN) 

b.  Indirect  Costs  - 

(1)  Indirect:  OMN 

(2)  Indirect:  MPN 

Factors  obtained  from  NARM  and  VAMOSC  should  be  interpreted  with  considerable 
caution  as  advised  in  the  source  data  itself.  Best  source  of  resource  factors 
is  NATRACOM  where  the  factors  are  supported  by  empirical  evidence  but  some 
resource  requirements  must  be  set  forth  at  a  level  above  the  NATRACOM  because  of 
shared  facilities,  cognizance  of  costs  or  some  cause  with  effects  not  visible  to 
CNATRA. 

CNET  Instruction  7310. 2A  describes  the  reporting  requirements  for  CNATRA 
on  cost  to  train  matters  [10). 

3.2.16  NASC  DSFM  Subsystem.  This  subsystem  has  the  same  components  as  the  UPT 
DSFM  Subsystem,  i.e.,  network,  algorithm  and  computer  program;  however,  the 
sequencing  of  setting  up  the  descriptive  inputs  is  in  contrast  to  the  UPT.  For 
NASC,  the  student  sources  and  availabilities  must  be  determined  before  the  net¬ 
work  can  be  sketched  in  any  detail.  It  is  the  Navy's  sources  of  student  inputs 
that  usually  introduce  the  variability  in  the  network  configuration. 

Consider  Figure  3.21  which  contains  a  trial  list  of  Student  Naval  Aviator 
(SNA)  accessions  for  FY82  to  become  graduate  pilots  during  or  about  FY83.  Here 
the  AOCs  have  been  tentatively  set  at  975  —  often  this  number  is  left  open 

because  it  is  usually  the  variable  in  determining  the  total  Inputs  in  one  year 
to  make  the  PTRs  for  the  following  year.  There  are  no  AVROC  accessions  this 
year  because  of  a  change  in  their  NASC  training  pattern  which  will  put  them 
through  the  Aviation  Officer  Candidate  School  (AOCS)  instead  of  the  Aviation 
Pre-Flight  Indoctrination  (APFI).  There  will  be  AVROC  accessions  in  subsequent 
years.  The  Limited  Duty  Officer  (LDO)  program  is  an  innovative  move  to  produce 
PROP  instructor  pilots  using  the  fleet  squadrons  as  the  source.  These  students 
obtain  their  commission  upon  the  successful  completion  of  the  UPT  program.  They 
will  enter  AOCS  as  one  full  class.  The  Enlisted  Commissioning  Program  (ECP)  is 
also  a  fleet  source  but  these  SNA  accessions  are  commissioned  upon  completion  of 
AOCS.  This  completes  the  FY  SNA  inputs  to  the  AOCS  classes  during  FY82.  After 
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the  NASC  Subsystem  has  been  executed  on  these  data,  this  trial  list  will  undergo 
some  minor  adjustments  that  will  become  visible  in  Section  3.3  when  the  outputs 
are  discussed. 

The  Navy  inputs  to  the  APFI  class  are  composed  of  Rollovers  (previous 
year  USNA  grads),  current  year  USNA  grads,  NKOTC  (scholarship  and  collegiate) 
and  fleet  applicants.  The  total  number  of  these  inputs  by  type  is  usually  set 
administratively.  The  USMC  inputs  are  estimated  as  705  in  this  example  but  may 
be  increased  or  decreased  as  needed  to  make  PTR.  The  USCG  has  a  fixed  number  of 
inputs  and  a  weekly  input  schedule  from  year  to  year.  Foreign  inputs  are  'esti¬ 
mated'  at  83  but  this  number  is  very  fuzzy.  These  combined  sources  comprise  the 
APFI  classes  of  FY82. 

The  NFO-to-Pilot  program  provides  the  opportunity  for  the  NFO  to  switch 
over  to  pilot  in  the  same  type  of  operational  aircraft  in  which  he  has  gained 
fleet  experience.  Since  they  have  already  been  through  an  NASC  class  to  become 
an  NFO,  they  bypass  that  and  enter  at  the  Primary  (PR)  flight  level  as  shown  in 
Figure  3.22.  This  figure  also  shows  the  entry  paths  of  the  other  sources. 

The  NASC  Preload  Schedule  contains  all  the  actual  or  scheduled  inputs 
into  NASC  prior  to  FY82  that  would  enter  PR  during  FY82.  All  capacity  values 
have  been  reduced  for  NASC  attrition  to  show  the  expected  number  to  enter  PR. 

The  main  function  of  the  'INPUT'  arcs  in  Figure  3.22  is  to  contain  the 
total  number  of  students  from  this  particular  source  that  is  available  during 
any  particular  year.  The  main  function  of  the  'ACCESS'  arcs  is  to  describe  the 
time  period  when  students  from  a  particular  source  are  available  to  enter  NASC 
and  at  what  maximum  and  minimum  rates  per  week.  Figure  3.23  is  an  input  sched¬ 
ule  which  reflects  the  accession  schedule  in  Figure  3.21  as  it  is  interpreted  in 
terms  of  the  arc  parameters  for  the  network  in  Figure  3.22. 

The  weekly  AOCS  and  APFI  classes  have  a  maximum  capacity  —  currently 
rated  at  45  for  each  class.  These  classes  must  accommodate  the  NFO,  AI  and  AMDO 
communities  as  well  as  the  SNAs;  therefore  the  maximum  percentage  of  SNAs  is 
currently  estimated  to  be  60%  in  AOCS  and  85%  in  APFI.  This  yields  an  SNA 
capacity  of  27  and  38,  respectively,  and  23  and  37  when  reduced  for  NASC  attri- 
t  ion. 


-  65  - 


rzH— *1  «WM>  .  .  ■  - -  ~.  -  *  —  *  — . . . —  ■  - —  - . 

— — •JL*: - - - - —  i  in  -  ii 


LDO  INPUTS  „  LDO  ACCESS 


NASC  INPUT  SCHEDULE 


ARC 

FROM 

NODE 

YZZ 

TO 

MODE 

YZZ 

MAXIMUM 

CAPACITY 

"C" 

MINIMUM 

CAPACITY 

"M" 

TIME 

"I." 

ATTRI 

TION 

"A" 

INPUT  ARCS 

SOI-C 

101 

152 

9999 

0 

0 

0 

USN  01  OR 

201 

201 

3  50 

350 

0 

0 

1  NIMITS 

202 

234 

0 

0 

0 

0 

2  13 

2  14 

75 

75 

0 

0 

2  1C. 

2  1<) 

0 

0 

0 

0 

240 

240 

70 

70 

0 

0 

24  1 

2  42 

0 

0 

0 

0 

(n| 

SOI 

3  50 

150 

0 

0 

SO? 

5  14 

0 

0 

0 

0 

S  S') 

H> 

73 

75 

0 

0 

S  (() 

3  SO 

0 

0 

0 

0 

s  »0 

140 

70 

70 

0 

0 

14  1 

552 

0 

0 

0 

0 

-'(1)1 

401 

130 

150 

0 

0 

'i(  >2 

4  .14 

0 

0 

0 

0 

4  15 

4  1.3 

75 

75 

0 

0 

416 

439 

0 

0 

0 

0 

440 

440 

70 

70 

0 

0 

441 

452 

0 

0 

0 

0 

501 

501 

350 

0 

0 

0 

502 

552 

0 

0 

0 

0 

75 

S01-K 

101 

152 

9999 

0 

0 

0 

USMC 

201 

201 

710 

710 

0 

0 

INPUTS 

202 

252 

0 

0 

0 

0 

301 

301 

710 

710 

0 

0 

102 

3  52 

0 

0 

0 

0 

401 

401 

710 

710 

0 

0 

402 

452 

0 

0 

0 

0 

401 

501 

710 

0 

0 

0 

502 

5  52 

0 

0 

0 

0 

S01-L 

USCC 

INPUTS 

101 

552 

9999 

0 

0 

0 

SOI  -N 

101 

152 

9999 

0 

0 

0 

FOREICN 

201 

201 

83 

83 

0 

0 

INPUTS 

202 

252 

0 

0 

0 

0 

301 

301 

83 

83 

0 

0 

302 

352 

0 

0 

0 

0 

401 

401 

83 

83 

0 

0 

402 

452 

0 

0 

0 

0 

501 

501 

83 

0 

0 

0 

502 

552 

0 

0 

0 

0 

Figure  3.23a 
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Figure  3.2  3b 
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The  'PRIMARY  INPUTS'  (Q  to  Q99)  are  the  weekly  inputs  previously  deter¬ 
mined  by  the  execution  of  the  UPT  DSFM  Subsystem.*  These  weekly  inputs  have 
cyclical  ups  and  downs  due  to  the  influence  of  seasonal  variations  alone.  Fig¬ 
ure  3.24  is  a  graphic  illustration  of  this  cyclical  movement  with  a  hypothetical 
constant  1650  PTR.  Other  factors  may  further  perturbate  the  dynamic  input 
requirements.  This  is  one  of  the  entirely  new  dimensions  offered  by  the  DSFM. 
Heretofore,  it  has  not  been  feasible  to  project  the  future  inputs  into  PR  which 
would  maximize  the  total  throughput  as  well  as  minimize  student  pooling.  A 
manual  procedure  is  simply  not  practical.  The  NASC  DSFM  Subsystem  will  function 
without  a  UPT  DSFM  solution.  The  Q  to  Q99  PRIMARY  INPUTS  may  be  described  in 
any  arbitrary  manner  and  for  many  exercises  this  may  produce  some  interesting 
results.  If  there  are  minor  changes  to  the  inputs  for  a  recent  DSFM  solution, 
then  an  extrapolation  based  on  the  existing  flow  solution  may  suffice  for  an 
immediate  need.  A  device  for  doing  this  is  shown  in  Figure  3.25  which  is  read¬ 
ily  constructed  from  the  flow  solution  in  the  following  way.  For  each  pipeline 
find  the  shortest  chain  flow  from  the  first  week  in  each  FY  quarter  and  connect 
a  line  from  the  beginning  of  that  first  week  to  the  appropriate  week  when  stu¬ 
dents  may  graduate  as  shown  in  the  figure.  The  number  of  students  entering  PR 
and  the  number  of  students  graduating  are  taken  directly  from  the  quarterly 
Staff  Summary  in  the  DSFM  printed  solution.  Figure  3.26  is  similar  with  the 
quarterly  outputs  for  each  pipeline  being  uniform  rather  than  the  pipeline 
inputs.  This  technique  for  extrapolating  from  a  known  solution  may  serve  many 
purposes  but  for  the  officially  promulgated  NASC  input  schedules,  a  recent 
updated  UPT  DSFM  solution  is  highly  recommended. 

Following  the  exercise  of  the  NASC  DSFM  Subsystem  to  obtain  an  SNA  input 
schedule  into  NASC  there  will  normally  bt  some  residual  class  capacity  in  the 
AOCS  and  APFI  classes.  This  plus  the  40Z  and  15Z  capacities,  respectively,  held 
in  reserve  can  now  be  used  to  obtain  an  input  schedule  for  NFOs,  AIs  and  AMDOs. 
Figure  3.27  contains  the  tentative  accessions  for  these  students  which  pairs 
with  the  SNAs  in  Figure  3.21.  The  results  are  combined  with  the  SNA  inputs  for 
the  inspection  and  acquiescence  of  all  activities  Involved.  This  combination  is 
best  done  manually  although  the  DSFM  could  be  used  for  this  purpose.  There  may 
be  one  or  more  iterations  before  a  smooth  input  schedule  can  be  agreed  upon. 
What  we  have  is  a  starting  point  which  is  in  cadence  with  the  dynamic  production 

*  If  the  UPT  Subsystem  produces  results  containing  shortfalls  in  the  PTR,  then 
student  Inputs  are  augmented  to  make  up  for  the  shortfalls  since  the  official 
student  input  schedules  are  geared  to  the  PTR  and  not  to  the  projected  training 
capacity.  Moreover,  if  shortfalls  are  projected,  certain  management  actions  cao 
be  taken  which  will  prevent  the  shortfalls  from  taking  place. 
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capacity  of  the  UPT  SNA  program.  This  provides  a  firm  basis  for  compromise  on 
the  ancillary  schedules. 

We  have  addressed  only  one  year's  input  to  NASC.  Normally,  the  'PRIMARY 
INPUTS'  in  Figure  3.22  produced  by  a  UPT  DSFM  run  will  contain  three  years  of 
weekly  input  requirements.  Best  estimates  of  the  categories  of  entrants  into 
NASC  should  be  used  for  the  available  inputs  to  construct  input  schedules  for 
the  out-years.  In  practice,  the  ability  to  plan  to  a  three  year  horizon  rather 
than  one  year  ahead  has  been  popular  with  the  various  agents  charged  with  pro¬ 
viding  student  entrants,  even  though  the  schedules  for  years  two  and  three  may 
prove  to  be  'straw  men',  they  provide  a  common  reference  point  for  all  con¬ 
cerned. 

Student  pool  arcs  are  allowed  at  all  nodes  in  the  NASC  Network  in  Figure 
3.22  except  SOI  and  Q99.  For  all  pool  arcs  except  y  to  0,  the  chronological 
string  of  pool  arcs  is  broken  for  the  week  separating  fiscal  years  so  that  stu¬ 
dents  intended  as  entrants  for  one  year  cannot  be  helo  over  for  the  next  year 
when  a  new  input  schedule  takes  over. 

3.2-17  FRS. 

a.  Graduates  of  UPT  receive  SERE  training  enroute  to  their  assigned  FRS. 
.uere  is  an  East  Coast  location  near  Brunswick,  ME  and  a  West  Coast  location 
near  San  Diego,  CA-  The  West  Coast  convenes  on  the  average  about  three  classes 
a  month  and  the  East  Coast  about  two  classes  a  month.  Since  students  graduate 
from  UPT  every  week  (except  Christmas  and  New  Year),  there  can  be  many  occasions 
where  no  SERE  class  is  available  when  the  trainee  arrives  unless  there  is  close 
coordination  among  the  PCS  order-writing  authorities,  the  East  and  West  SERE 
schedules  of  convening  dates  and  the  projected  output  of  the  UPT  program.  Simi¬ 
larly,  there  are  times  when  graduates  from  SERE  cannot  be  accommodated  by  the 
various  FRS  convening  dates  without  a  delay  of  some  weeks. 

b.  There  are  at  least  28  FRSs.  Each  of  them  is  unique  in  some  way  from 
the  others,  perhaps  by  mission,  syllabus,  student  body,  environment,  available 
facilities  or  operating  circumstances.  There  are  some  fairly  common  character¬ 
istics,  however,  that  contrast  with  the  UPT  program. 

(1)  Student  Body.  Starting  dates  for  classes  are  a  month  or  more 
apart  while  UPT  has  50  classes  a  year.  Class  sizes  are  usually  smaller  than  the 
classes  entering  Primary  flight  in  UPT,  although  more  categories  of  students  are 
trained  in  an  FRS.  The  categories  are  the  following  ones. 
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CAT  I  -  Full  syllabus  -  normally  first  tour  pilots  -  occa¬ 
sionally  experienced  -  first  tour  in  type  -  all  UPT  grads  are  CAT  I. 

CAT  11  -  Approximately  70-80%  of  syllabus  -  normally  not 

current  -  second  tour  in  type. 

CAT  III  -  Approximately  40-50%  of  syllabus  -  current  in 

model • 

CAT  IV  -  Varies  from  10%  for  tactical  to  65%  for  helo  - 
this  is  the  miscellaneous  category. 

CAT  V  -  Foreign  and  special  student  syllabus. 

The  FRS  DSFM  subsystem  will  be  concerned  only  with  the  CAT  I  students 
that  are  fresh  UPT  grads.  The  NFO  community  also  has  members  in  the  training 
classes  of  many  of  the  FRSs,  which  involves  shared  syllabi  and  coordinated 
scheduling. 

(2)  The  FRS  filght  training  is  not  usually  the  dominant  activity 
at  the  air  facility  at  which  it  is  located.  In  the  UPT  program,  just  the  oppo¬ 
site  is  true. 

(3)  Weather  and  daylight  hours  are  significant  factors  in  the 
training  rate  in  UPT,  but  these  factors  have  much  less  influence  on  the  more 
advanced  FRS  training. 

(4)  UPT  has  a  dedicated  aircraft  carrier,  the  LEXINGTON,  for  car¬ 
rier  qualification  flights.  The  LEXINGTON  gets  some  use  by  the  FRS  community, 
but  most  squadrons  require  the  larger  fleet  carrier.  The  availability  of  fleet 
carrier  deck  time  is,  to  some  extent,  a  variable*  This  is,  perhaps,  the  biggest 
single  constraint  on  the  training  rate  of  the  tactical  FRSs. 

c.  Convening  dates  for  SERE  classes  are  published  annually  by  the  Fleet 
Aviation  Specialized  Operational  Training  Group  (FASOTRAGRU)  for  the  Pacific  and 
Atlantic  Fleets,  respectively. 

d.  Convening  dates  for  the  FRSs  are  published  annually  by  OpNav  letter 
originated  by  the  Aviation  Training  and  Manpower  Division  (Op59).  Separate  let¬ 
ters  for  the  Pacific  and  Atlantic  Fleets  are  distributed  with  a  breakdown  by 
squadron,  convening  date,  estimated  completion  date,  and  number  of  pilots/NFOs 
in  each  category. 

e.  It  is  anticipated  that  planning  factors  will  have  more  direct  appli¬ 
cation  in  the  FRS  DSFM  subsystem  than  in  the  UPT  DSFM  subsystem.  FRS  planning 
factors  are  routinely  updated  annually  in  accordance  with  OPNAV  INSTRUCTION 
3760.13  [11].  The  range  of  planning  factors  include  for  each  squadron  and  air¬ 
craft  model: 
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(1)  Operating  Factors 

Scheduled  days 
Weather  factor 
Klyable  days 
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.  .1  i  I  nii  i  1  i  i  v  I  :u  tor 
iverage  sortie  length 
:  ••rn.iround  tine 
hours  per  student 
l.tilization  r>er  livable  day 

(4)  Instructor 

Availability  factor 
ConLaet  time  per  student 
Utilization  per  student 
1  light  hours  per  student 

Planning  factors  are  classified  by  student  categories  where  this  is  rele¬ 
vant,  but,  as  mentioned  before,  we  are  interested  only  in  CAT  I  students. 

t.  Training  progress  is  reported  by  the  FRSs  in  accordance  with  OPNAV 
INSTRUCTION  3500. 311)  112),  Much  useful  USFM  information  is  contained  in  these 
reports  such  as  the  experienced  weeks  to  train,  the  actual  onboard  load  of  stu¬ 
dents  by  category,  etc. 

J.j  Output  Requirements- 

3.3.1  Basic  UPT  USFM  Subsystem  Outputs. 

a.  The  following  types  of  information  are  routinely  available  from  this 
subsystem  of  the  USFM.  The  Information  may  be  displayed  by  weekly,  quarterly  or 
annual  Increments. 
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(1)  Students  entering  a  phase  of  training. 

(2)  Phase  training  capacity  for  entrants. 

(3)  Students  graduating  a  phase  of  training. 

(4)  Phase  training  capacity  for  graduates. 

(5)  Students  attriting  from  a  phase  of  training. 

(6)  Students  on  board  in  a  phase  of  training. 

(7)  Phase  onboard  capacity. 

(8)  Unused  phase  training  capacity  for  entrants. 

(9)  Unused  phase  training  capacity  for  graduates. 

(10)  Students  in  pool  status  at  entry  to  a  phase  of  training. 

(11)  Students  in  transit  to  next  phase  of  training. 

(12)  Resource  utilization  by  phase  of  training. 

(13)  Resource  planned  by  phase  of  training. 

b.  Types  12  and  13  above  allow  phase  graduates  (Type  12)  and  phase 
capacity  (Type  13)  to  be  converted  through  planning  factor  information  to  list 
resource  requirements,  both  utilized  and  planned,  respectively.  Examples  of  the 
resources  that  can  be  displayed  are: 

(1)  Aircraft  flight  hours. 

(2)  Instructor  flight  hours. 

(3)  Aircraft  inventory. 

(4)  Instructors. 

(5)  Maintenance  personnel. 

(6)  Direct  cos ts  - 

Aircraft  Operation  (OMN) 

POL 

O&l-level  maintenance 
Aircraft  Rework  (OMN) 

Engine  overhaul 
Component  rework 
SDLM 

Replenishment  Sparer  (APN) 

Personnel  (MPN) 

Indirect  costs  - 
Indirect  (OMN) 

Indirect  (MPN) 
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As  a  practical  matter.  Types  12  and  13  data  will  be  aggregated  at  the 
quarterly  and  annual  levels  only,  since  weekly  Increments  would  appear  to  have 
little  worth. 

c.  The  standard  formats  for  Information  Types  1  through  11  have  been 
geared  for  the  executive,  staff  and  analyst  levels. 

(1)  Executive  Summary;  This  is  a  one  page  report  giving  yearly 
values  only.  Figure  3.28  is  a  typical  example  listing  the  data  elements  nor¬ 
mally  displayed. 

(2)  Staff  Summary:  This  is  a  quarterly  report  displaying  one  of 
the  data  types  1  through  11  by  phase,  then  another  by  phase  and  so  forth.  Fig¬ 
ure  3.29  is  an  example  of  a  partial  listing  for  Phase  Graduates  (Type  3)  by 
quarter  for  three  years.  A  complete  set  of  Staff  Summary  outputs  is  contained 
in  Appendix  C. 

(3)  Analyst  Report:  This  report  displays  the  weekly  values  for  any 
data  element  by  phase  for  Types  1  through  11.  In  the  example,  Figure  3.30, 
there  is  a  listing  of  the  number  of  student-weeks  in  pools  awaiting  entry  (Type 
10)  into  the  Primary  phase.  For  FY81 ,  there  were  scheduled  Inputs  into  NASC. 
For  FY82  and  FY83,  the  UPT  DSFM  subsystem  decided  what  the  optimum  input  sched¬ 
ule  into  Primary  would  be.  Initially  in  FY81  there  was  no  pool  for  there  was  a 
mild  shortage  of  students  coming  in.  Pools  start  to  build  during  Week  7  and 
peak  out  at  Week  28,  receding  to  zero  on  the  first  week  of  FY82.  This  is  due  to 
too  many  being  scheduled  in  during  FY81.  (Actually,  the  pools  never  got  that 
big  because  there  were  some  shortages  in  fulfilling  the  input  schedule  and  a 
marked  Increase  in  attrition  in  the  AOCS . )  During  FY82  and  FY83,  a  buffer  or 
insurance  pool  of  74  was  specified  and  as  soon  as  the  DSFM  took  control  (Week  b 
into  Primary),  that  pool  was  formed  and  held. 

When  the  training  system  is  being  pushed  to  capacity,  it  can  be  noted 
from  the  Analyst  Report  that  some  pooling  is  necessary  to  obtain  the  maximum 
throughput,  notably  into  the  longer  phases.  Intermediate  and  Advanced  Strike. 
This  is  due  to  seasonal  variations  in  the  environmental  conditions.  Sometimes 
it  can  be  aggravated  by  a  less  than  optimal  student  input  schedule  into  Primary 
and  some  may  be  due  to  an  Imbalance  in  the  total  system.  One  would  have  to  look 
at  the  total  analyst  listings  to  get  a  grasp  of  the  cause  for  this  effect.  The 
point  here  is  that  the  weekly  breakdown  of  student  flow  activity  would  give  thr> 
trained  analyst  a  probe  into  student  flows  not  heretofore  possible.  Annual 
totals  may  be  sufficient  to  sound  the  alarm  at  the  executive  and  senior  staff 
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075151 


EXECUTIVE  SUNNARY 


FY81 

FY82 

FY83 

GRADUATES 

JET 

562 

545 

567 

MARITIME 

396 

422 

437 

HELO 

579 

640 

668 

PTR 

JET 

576 

634 

646 

MARITIME 

396 

422 

437 

HELO 

579 

640 

668 

TOTAL 

1551 

1696 

1751 

SHORTFALLS 

JET 

14 

89 

79 

MARITIME 

0 

0 

0 

HE  0 

0 

0 

0 

STUDENTS  FROM 

SCHOOLS  COMMAND 

2092 

2294 

2244 

STUD ENT- REEKS 

IN  POOLS 

3901 

5283 

7290 

CNATRA  A OB 

1667 

1778 

1882 

IN  PHASE 

1547 

1627 

1691 

IN  TRANSIT 

41 

44 

45 

IN  POOL 

78 

105 

145 
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PATHFINDER  -  DYNAMIC  STUDENT  FLOU 

MODEL 

BASIC  UPT  -  FYS1  IIK1  -  SOLUTION 

FULL  STAFF  SUMMARY 

8A.2S 

075151 

GRADUATES 

FY81 

FY82 

FY83 

STUDENTS  FROM 

SCHOOLS  COMMAND 

2092 

2294 

2244 

FQ1 

470 

537 

479 

F42 

490 

446 

455 

F03 

545 

638 

638 

F«4 

587 

673 

672 

PRIMARY 

1681 

1805 

1867 

F01 

333 

366 

400 

F42 

331 

366 

372 

F43 

540 

573 

594 

FQ4 

477 

500 

501 

INTERMEDIATE  STRIKE 

577 

595 

628 

F41 

137 

113 

114 

F42 

127 

123 

123 

F03 

143 

174 

206 

F04 

170 

185 

185 

ADVANCED  STRIKE 

562 

545 

567 

FBI 

121 

116 

118 

F«2 

118 

110 

129 

FQ3 

186 

156 

157 

F44 

137 

163 

163 

PHASED  MARITIME 

396 

422 

437 

F01 

77 

88 

88 

FQ2 

81 

88 

88 

FQ3 

122 

136 

151 

FQ4 

116 

110 

110 

I 
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PA TNF INNER  -  DYNAMIC  STUDENT  FLOW  HOF  CL 
OS/14/81  BASIC  UPT  -  FY81  WK1  -  SOLUTION  8A.2S  075151 

ANALYST  REPORT 

AVERA6E  STUDENT  WEEKS  IN  POOLS  FY81  FY82  FY83 


INTO  PRIMARY  58  67  74 


FQ1 

19 

46 

74 

FQ3 

87 

74 

74 

FW01 

0 

0 

74 

FW27 

99 

74 

74 

FW02 

0 

3 

74 

FW28 

118 

74 

74 

FW03 

0 

6 

74 

FW29 

112 

74 

75 

FW04 

0 

14 

74 

FW30 

96 

74 

74 

FW05 

0 

17 

74 

FW31 

91 

74 

74 

FW06 

0 

74 

74 

FW32 

86 

74 

74 

FW07 

8 

74 

74 

FW33 

79 

74 

74 

FW08 

23 

74 

74 

FW34 

83 

74 

74 

FW09 

59 

76 

74 

FW35 

81 

74 

74 

FW10 

61 

74 

74 

FW36 

74 

74 

74 

FW11 

63 

74 

74 

FW37 

74 

74 

74 

FW12 

21 

74 

74 

FW38 

74 

74 

74 

FW39 

75 

74 

74 

FQ2 

90 

74 

74 

FQ4 

35 

74 

74 

FW40 

71 

75 

74 

FW15 

51 

83 

74 

FW41 

75 

74 

74 

FW16 

52 

74 

74 

FW42 

70 

74 

74 

FW17 

72 

74 

74 

FW43 

62 

74 

74 

FW18 

72 

74 

74 

FW44 

55 

74 

74 

FW19 

75 

74 

74 

FW45 

46 

74 

74 

FW20 

109 

74 

74 

FW46 

29 

74 

74 

FW21 

105 

74 

74 

FW47 

18 

74 

74 

FW22 

112 

74 

74 

FW48 

4 

74 

74 

FW23 

116 

74 

74 

FW49 

12 

74 

74 

FW24 

111 

74 

74 

FW50 

14 

74 

74 

FW25 

108 

74 

74 

FWS1 

8 

74 

74 

FW26 

101 

74 

74 

FWS2 

1 

74 

74 

Figure  3.  30 
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levels  but  the  detailed  analyst  listing  provides  the  necessary  tools  for  an 
intrinsic  comprehension  of  what  is  being  projected  and  the  making  of  explicit 
recommendations  for  action  to  avoid  the  unwanted  events. 

(4)  Resource  Utilization/Availabillty  Report:  This  is  an  optional 
report  displaying  the  Type  12  and  Type  13  information  by  the  year  and  quarter 
for  each  phase.  Figure  3.31  is  an  example  for  Intermediate  and  Advanced  Strike. 
Contractor  maintenance  is  used  for  some  of  the  aircraft  types  so  the  data  ele¬ 
ments  are  not  uniform  for  every  phase. 


3.3.2  NASC  DSFM  Output. 

a.  The  NASC  network  is  normally  run  following  a  UPT  network  run.  The 
student  pilot  flow  requirements  are  then  set  to  match  the  input  requirements 
into  the  Primary  flight  training  phase  for  as  many  years  as  the  UPT  DSFM  was 
run.  This  is  normally  set  at  three  years.  The  specific  output  of  the  NASC  DSFM 
Is  a  student  input  schedule  for  SNAs  by  source,  i.e.,  AOC,  USMC,  USCG,  etc. 
These  schedules  are  produced  typically  for  three  years  hence.  Figure  3.32  is  an 
example  of  a  one-year  schedule.  This  can  be  compared  to  the  OpNav  example  in 
Figure  3.16  for  format  similarity. 

b.  Following  the  production  of  the  SNA  input  schedules,  the  NF0/A1/AMD0 
schedule  is  developed  in  much  the  same  way  except  that  the  inputs  are  matched  to 
NASC  output  requirements  that  were  established  outside  the  UPT  DSFM.  The  NASC 
classes  start  each  week,  excepting  the  Ch  istmas  holidays,  and  they  have  a  fixed 
maximum  size.  A  minimum  number  of  student  seats  are  reserved  during  the  SNA 
calculations  for  the  NFO/AI/AMDO  communities.  The  final  schedule,  as  composed 
by  the  DSFM  Analyst,  is  constrained  by  the  residual  classroom  capacities  remain¬ 
ing  from  the  SNA  schedule.  Figure  3.33  is  a  one-year  example  which  matches  with 
the  SNA  schedule  in  Figure  3.32. 

c.  Figure  3.34,  composed  by  the  1  SFM  Analyst,  is  a  working  schedule  of 
all  NASC  students  showing  that  the  maxirum  class  size  has  not  been  violated. 
This  schedule  may  be  used  for  making  trade-offs  between  student  types.  Figure 
3.34  is  a  combination  of  Figures  3-32  and  3.33. 

d.  Figure  3.33  1b  a  sample  of  the  NASC  DSFM  subsystem  output  listing  the 
weekly  NASC  graduates  that  would  be  entering  Primary  flight  training. 

3.3*3  FRS  DSFM  Outputs.  The  output  of  the  UPT  DSFM  subsystem  provides 
the  inputs  to  the  FRS  DSFM  subsystem.  This  is  suboptimization  in  the  strict 
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PATHFINDER  -  DYNAMIC  STUDENT  FLOW  MODEL 


03/25/81  BASIC  UPT  -  FV81  WK1  -  SOLUTION 

RESOURCE  UTILIZATION/A VAIL ABILITY 

8A.26 

REPORT 

111519 

— .INTERMEDIATE  STRIKE- 

FY81 

£Y82 

FV83 

TOTAL  FLIGHT  HOURS  (100S)  UTILIZED 

821 

888 

9$4 

FQ  1 

181 

191 

197 

FQ2 

169 

197 

223 

FQ3 

232 

255 

270 

FQ4 

238 

243 

243 

TOTAL  FLIGHT  HOURS  (100S)  PLANNED 

965 

967 

967 

FQ1 

217 

214 

214 

FQ2 

230 

235 

235 

FQ3 

270 

270 

270  ' 

FQ4 

247 

247 

247 

INSTRUCTOR  FLIGHT  HOURS  (1Q0S)  UTILIZED 

727 

786 

827 

Ml 

160 

169 

174 

FQ2 

149 

175 

198 

FQ3 

206 

226 

239 

•  FQ4 

211 

215 

215 

INSTRUCTOR  FLIGHT  HOURS  (100S)  PLANNED 

855 

857 

857 

FQ  t 

192 

190 

190 

FQ2 

203 

208 

208 

FQ3 

239 

239 

39 

FQ4 

219 

219 

219 

AIRCRAFT  INVENTORY  UTILIZED 

137 

149 

156 

AIRCRAFT  INVENTORY  PLANNED 

161 

162 

162 

INSTRUCTORS 

utilized’ 

tsi 

163 

171 

INSTRUCTORS 

PLANNED 

177 

177 

177 

MAINTENANCE 

PERSONNEL 

UTILIZED 

988 

1063 

1124 

MAINTENANCE 

PERSONNEL 

PLANNED 

1161 

1164 

1164 

i 

Figure  3.  la 
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RESOURCE  UTILIZATION /AVAIL ABILITY 

—ADVANCED  STRIKE- 

REPORT 

FY81 

FY82 

FY83 

TOTAL  FLIGHT  HOURS  (100S)  UTILIZED 

874 

865 

895 

fqi 

197 

181 

201 

FQ2 

213 

188 

198 

FQ3 

230 

247 

248 

FQ4 

233 

247 

247 

TOTAL  FLIGHT  HOURS  (100S)  PLANNED 

940 

940 

941 

FQ 1 

209 

207 

207 

FQ2 

222 

225 

225 

FQ3 

261 

261 

261 

FQ4 

247 

247 

247 

INSTRUCTOR  FLIGHT  HOURS  (100S)  UTILIZED 

697 

690 

714 

FQ  1 

157 

145 

160 

FQ2 

169 

150 

158 

FQ3 

183 

197 

198 

FQ4 

186 

197 

197 

INSTRUCTOR  frLIGHT  HOURS  (100S)  PLANNED 

750 

750 

750 

FQ  1 

167 

165 

165 

FQ2 

177 

179 

179 

FQ3 

208 

208 

208 

FQ4 

197 

197 

197 

AIRCRAFT  INVENTORY  UTILIZED 

143 

142 

147 

AIRCRAFT  INVENTORY  PLANNED 

154 

154 

154 

INSTRUCTORS 

UTILIZED 

160 

158 

164 

INSTRUCTORS 

PLANNED 

172 

172 

172 

MAINTENANCE 

PERSONNEL 

UTILIZED 

1132 

1120 

1159 

MAINTENANCE 

PERSONNEL 

PLANNED 

1218 

1218 

1218 

Figure  3.  jib 
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RESOURCE  DEMONSTRATION  REPORT 


* 


FY81  FY82 

I 


—INTERMEDIATE  STRIKE- 


DIRECT  COSTS  (08MN)  (K$) 


FLIGHT  OPNS  -  POL  8  MAINT 
AIRFRAME  REWORK 
ENGINE  OVERHAUL 
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sense  of  Che  continuous  flow  of  students  from  entry  into  UPT  until  they  are 
assigned  to  a  fleet  squadron,  but  there  is  general  agreement  among  the  princi¬ 
pals  that  the  critical  linkages  in  the  production  chain  are  in  the  UPT  program 
and  will  remain  so  for  an  indefinite  time  in  the  future.  Moroever,  any  parti¬ 
tioning  of  the  total  network  has  a  practical  payoff  in  terms  of  data  processing 
storage  space  and  running  times.  The  outputs  from  the  FRS  DSFM  will  be  a 
selected  subset  of  the  output  Types  1  through  11  listed  in  3.3.1  (a)  above  as 
may  be  requested  by  the  user  community. 

3.3.4  SNA  Training  Paths.  The  DSFM  has  the  capability  of  decomposing  a  flow 
solution  into  separate  paths  tracing  student  entrants  to  pipeline  graduates. 
Figure  3.36,  Chain  Flow  Decomposition,  is  a  listing  of  some  of  the  paths  leading 
to  Helo  Graduates.  Each  line  lists  a  path  giving  the  number  of  pipeline  gradu¬ 
ates  (FLOW),  the  length  in  weeks  of  the  path  (TL),  and  the  DSFM  nodes  defining 
the  path-  The  Chain  Flow  Decomposition  listing  lists  all  paths  by  pipeline. 

For  most  purposes,  the  details  of  a  path  are  of  little  concern.  The 
interest  lies  in  the  date  of  entry  versus  the  date  of  graduation.  Figure  3.37, 
Input/Output  Correspondence  Schedule,  is  an  example  of  a  more  compact  listing 
that  contains  three  pipelines  per  page.  At  the  left  is  the  year  and  week  of 
graduation.  For  each  pipeline  the  listing  displays  the  Input  Phase,  year  and 
week  of  entry,  the  number  of  students,  and  the  total  number  of  weeks  in  the  sys¬ 
tem  (TL). 

Since  the  UPT  DSFM  does  not  distinguish  among  the  different  student 
sources,  e.g..  Navy  AOC,  Navy  officers,  USMC,  etc.,  this  report  provides  a  con¬ 
venient  device  for  scheduling  different  students  by  source  with  their  different 
pipeline  attrition  rates. 

3.4  Utilization  of  System  Outputs.  There  should  always  be  a  currently  endorsed 
edition  of  the  UPT  DSFM  Executive  and  Staff  Summaries  available  at  the  TRAWINGS, 
NASC  and  all  relevant  CNATRA  staff  divisions.  This  'management'  version  should 
be  based  on  the  most  realistic  input  data  and  should  be  of  the  level  of  detail 
shown  in  Figure  3.4  These  results  could  be  based  on  that  network  but  if  online 
data  storage  and  processing  time  are  a  problem,  then  the  network  in  Figure  3.3 
could  be  used  and  the  pipeline  networks  could  be  calculated  separately  using  the 
PR  outputs  as  the  input  schedule.  This  requires  that  the  PR  and  IP  phases  at 
Whiting  and  Corpus  are  calculated  first  using  the  PR  inputs  determined  from  the 
Figure  3.5  run.  As  detail  is  added,  the  total  throughput  is  often  diminished. 
For  instance,  when  the  jet  pipeline  is  treated  as  being  conducted  at  one  locat- 
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cion,  this  is  tantamount  to  saying  that  the  resource  allocations  are  perfectly 
balanced  among  the  TRACINGS.  When  the  four  jet  bases  are  treated  separately, 
this  assumption  may  breakdown. 

External  distribution  of  the  DSFM  outputs  is  an  executive  decision  beyond 
the  pale  of  this  Users  Manual. 

The  distribution  of  the  Analyst  Report  should  be  restricted  to  the  CNATRA 
DSFM  Analyst  except  for  some  selected  portions  of  it*  The  week-by-week  projec¬ 
tions  of,  say,  phase  graduates  is  not  a  good  management  tool  but  it  is  a  good 
cool  for  the  DSFM  Analyst.  On  the  other  hand,  the  weekly  trend  in  pooling  can 
be  a  good  alerting  device  for  management  that  is  not  otherwise  visible  in  the 
Staff  Summary  which  displays  quarterly  data.  The  DSFM  does  not  produce  outputs 
in  monthly  increments  because  months  do  not  equate  to  a  fixed  number  of  weeks ; 
however,  a  fair  approximation  of  monthly  data  can  be  derived  from  the  quarterly 
in  the  Staff  Summary  in  the  following  manner.  Let  us  say  that  the  nuuber  of 
graduates  for  a  particular  phase  and  location  is  equal  to  Q  and  the  ratio  of 
the  number  of  scheduled  days  in  the  first  month  to  the  total  number  of  scheduled 
days  in  the  quarter  is  Rj  .  Then  the  monthly  number  of  graduates  for  the  first 
month  is: 


«  RjQ  • 

For  example,  the  third  quarter  of  FY81  has  64  scheduled  days  with  22  in  APR,  20 
in  MAY  and  22  in  JUN.  Therefore,  Qj  ■  . 34Q;  Q2  ■  .  32Q;  and  Q3  ■  . 34Q  . 

If  the  inputs  to  the  DSFM  are  reasonable  and  the  TRAW1NG  commanders  agree 
that  they  can  support  the  projections  on  production,  then  the  expectations  may, 
to  a  certain  extent,  become  self-fulfilling  predictions  because  all  segments  of 
the  UPT  system  will  know  what  is  expected  from  all  other  segments.  There  would 
be  a  common  frame  of  reference  for  discourse  among  all  echelons  of  command. 
Timely  management  action  can  be  taken.  Of  course,  if  there  is  a  substantive 
change  to  the  DSFM  inputs  or  if  the  projections  are  considerably  off  the  mark  of 
what  is  actually  occurring,  then  the  model  should  be  updated  and  restarted. 

The  variety  of  ad  hoc  scenarios  that  can  be  represented  by  the  DSFM  is  so 
broad  that  the  scope  and  level  of  detail  to  be  contained  in  a  particular  network 
cannot  be  defined  in  advance.  Generally  speaking,  the  guidance  for  these  con¬ 
siderations  will  be  evident  in  the  senario  itself.  The  amenability  of  the  model 
in  projection  of  the  effects  from  hypothetical  situations  involving  policy 
changes,  inovative  management  actions  or  precipitous  changes  in  the  available 
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training  resources  should  lead  to  its  frequent  use  in  evaluating  WH1F  circum- 
j  stances*  Impact  statements  using  the  quantitative  results  from  a  DSFM  run  would 

be  supportable  in  great  detail*  The  key  individual  in  the  exercising  of  the 
model  is  the  staff  DSFM  Analyst. 

SECTION  4.  ADVANCED  TECHNIQUES 

This  section  contains  descriptive  information  on  the  application  of  some 
features  built  into  the  DSFM  program  that,  at  most,  have  only  been  alluded  to  in 
earlier  sections*  A  discussion  of  these  advanced  techniques  has  been  deliber¬ 
ately  deferred  to  this  final  section  because  a  working  comprehension  of  these 
capabilities  depends  on  a  clear  understanding  of  the  fundamentals  of  the  DSFM. 

4.1  Alternate  Capacity  Computation.  As  explained  in  Section  3*2*14,  a  basic 
input  to  the  UPT  DSFM  is  the  average  number  of  phase  graduates  per  week,  C  ,  for 
every  phase  in  the  system*  The  method  of  determining  the  value  of  C  is  inde¬ 
pendent  of  the  operation  of  the  DSFM*  It  can  be  arbitrarily  assigned  or  calcu¬ 
lated  on  the  basis  of  some  rationale.  This  average  is  based  on  the  average  max¬ 
imum  production  rate  to  be  expected  over  an  entire  year  for  a  given  set  of 
operating  circumstances.  The  number,  C  ,  need  not  be  used  in  the  DSFM  over  an 
entire  year  but  the  weekly  production  rate  must  be  averaged  over  a  year  as 
ihDugh  it  would  be.  When  this  number  has  been  appropriately  reduced  to  pipeline 
graduates  by  the  postphase  attrition,  A+  ,  it  is  called  C+  .  Then,  given 
this  input  parameter,  the  weekly  variation  in  the  capacity  to  train  for  a  par¬ 
ticular  phase  may  be  automatically  computed  by  the  following  relationship: 

C*  -  C+L/Li 

where  c£  is  defined  as  the  maximum  class  size  of  pipeline  graduates  to  enter  at 
the  beginning  of  the  ith  week  and  Lj  is  the  expected  weeks  to  train  for  that 
class. 

The  above  computation  results  in  the  product  of  each  arc's  capacity  to 
train  and  time  to  train  remaining  relatively  constant.  Use  of  this  relationship 
results  in  a  more  even  on  board  student  population  than  does  a  fixed  capacity 
scheme.  However,  it  still  exhibits  a  more  pronounced  seasonal  variation  tha.i  is 
desired.  This  seasonal  variation  in  students  onboard  can  be  further  reduced  by 
«  •  taking  into  account  all  classes  on  board  at  a  point  in  time  when  determining  the 

'  '  capacity  of  any  one  class.  First,  note  that  all  the  classes  on  board  for  a 

given  week  must  share  the  training  resources  available.  Also,  that  a  class  of 
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weeks  must,  on  the  average,  receive  1/Lj  of  its  training  each  week. 
Recall  that  L  ,  the  annual  average  time  t>  train  in  the  phase,  is  independent 
of  the  training  year  by  definition.  Next  we  calculate  the  sum  of  the  times  to 
train  for  all  classes  on  board  at  one  time  for  each  week  in  a  year,  independent 
of  the  particular  training  year,  to  be: 

52  52 

Ti  “  £.  (Wi£Ak)(tk>  * 

i-1  k-1  1  K  K 

Where  (W^ £  )  -  1  if  arc  k  spans  week  i  and  zero  otherwise.  The  t^  is 

the  time  to  train  for  arc  k  .  In  this  case  only  50  arcs  represent  a  training 
phase,  one  for  each  week  beginning  weeks  1  thru  12  and  15  thru  52  .  Only 
the  week  number  Is  of  interest , i . e. ,  the  training  year  is  of  no  concern. 

The  capacity  for  each  of  the  n  arcs  representing  a  training  phase, 
including  the  designation  by  year,  is  then  calculated  as: 


C 


k 


n 

k-1 


fml  £  Kw^vaxc^))/^  . 


Where  (Wjj  £  A^ )  -  1  if  arc  k  spans  year  j  week  i  and  zero  otherwise. 

The  C(djt  is  used  to  indicate  the  annual  average  class  capacity  which  is 
applicable  for  year  j  and  week  i  . 


4.2  Biasing  a  Solution.  There  have  be 2n  several  references  in  the  preceding 
text  about  the  biasing  or  weighting  of  stjdent  flow  solutions.  We  will  take  up 
the  subject  at  this  point.  In  Section  3.2  we  described  the  basic  structure  of  a 
USFM  network.  In  particular  the  node  names  were  defined  as  XYZ  where: 


X  is  an  alpha  character  identifying  that  class  of  nodes; 

Y  is  the  sequence  number  of  the  fiscal  year,  1  through  5;  and 
Z  is  a  number  indicating  the  week,  1  through  52,  in  the  fiscal  year. 

These  names,  for  every  node  in  a  DSFM  network,  are  unique  in  every  instance. 
The  algorithm  cannot  deal  with  ambiguity  of  any  kind.  These  node  names  not  only 
provide  the  uniqueness  that  is  essential  but  also  'lock  in'  the  chronology  of 
each  event  while  the  student  flow  solution,  as  determined  by  the  algorithm, 
describes  the  magnitude  of  that  event. 

Recall  also  that  there  are  three  parameters  placed  on  each  arc: 

L:  time  duration  in  weeks, 

C:  maximum  capacity,  and 

M:  minimum  capacity  in  the  number  of  students  per  week. 


100 


T-447 


The  optimizing  algorithm  deals  wit  1  all  three  of  these  arc  parameters.  It  looks 
at  the  node  names  only  as  the  FROM  and  TO  nodes  of  a  particular  arc.  The  time 
duration,  L  ,  of  the  arc  is  equal  to  the  year  and  week  (the  YZ)  of  the  termi¬ 
nal  node  (TO)  minus  the  year  and  week  of  the  initial  node  (FROM).  Zero  time 
durations  are  admissible.  However,  since  the  algorithm  ignores  the  temporal 
Information  contained  in  the  node  names  and  only  looks  at  the  arc  parameter 
which  represents  the  time  duration,  we  are  free  to  assign  any  value  to  this 
parameter,  say  B  (to  distinguish  it  from  L),  that  suits  our  purpose.  The  real 
time  chronology  is  locked  in  to  the  node  IDs  and  when  the  output  reports  are 
generated,  they  recover  this  information  so  that  the  solution  data  is  properly 
synchronized.  When  we  substitute  B  for  L  ,  we  call  this  biasing*  the  solu¬ 
tion.  This  technique  has  powerful  leverage  and  should  always  be  used  with 
extreme  caution. 

In  the  construction  of  any  DSFM  network  there  are  many  arcs  that  do  not 
represent  phase  training  as  explained  in  Section  3.2  and  delineated  in  Figure 
J.3.  There  is  often  a  preference  in  where  you  would  like  a  certain  kind  of 
event  to  occur  when  there  are  alternatives  that  are  equally  likely  when  using 
the  time  duration,  L  ,  as  the  arc  parameter.  Since  the  algorithm  Beeks  to  min¬ 
imize  the  total  student  time  in  the  system,  the  algorithm  would  not  care  which 
alternative  it  chose.  If,  however,  we  introduce  B  in  lieu  of  L  and  make  one 
u  greater  that  the  other,  then  the  algorithm  will  strive  to  select  the  path 
with  the  smaller  B  .  This  preference  could  reflect  experience,  policy  or  some 
other  operational  consideration.  It  is  a  technique  which  provides  more  guidance 
to  the  DSFM  with  no  loss  in  the  detail  of  the  output  information. 

Influencing  the  location  of  student  pools  is  one  of  the  most  common 
applications  of  this  technique.  An  example  may  serve  to  bring  the  application 
into  clearer  focus.  Take  the  NASC  network  in  Figure  3.22.  Let  the  class  of 
nodes  separating  the  class  of  INPUT  arcs  and  ACCESS  arcs  be  called  a-nodes;  the 
nodes  between  ACCESS  arcs  and  the  AOCs  &  APFI  arcs  as  b-nodes;  and  the  nodes 
providing  the  PRIMARY  INPUTs  (Q  to  Q99)  as  q-nodes.  The  L  for  the  student 
pool  arcs  for  the  a,  b  and  q-nodes  is  equal  to  one  week  everywhere.  But  the 
purpose  of  exercising  the  DSFM  on  the  NASC  network  is  to  determine  what  the  SNA 
input  schedule  should  be  to  meet  the  Primary  flight  training  entry  requirements, 
so  any  holding  of  students  in  the  (a  to  a)-arcs  is  essentially  free  because 

*The  arc  parameter  B  is  often  referred  to  as  a  'cost'  in  the  literature  on 
network  flow  theory.  Since  'cost'  in  the  context  of  our  problem  is  usually 
associated  with  dollar  costs  we  have  avoided  that  term  in  this  discussion.  You 
may,  however,  encounter  the  term  'cost'  elsewhere  in  the  DSFM  documentation  but 
it  will  mean  the  same  as  the  B  (for  bias)  used  herein. 
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there  is  considerable  latitude  in  the  scheduling  of  inputs  into  the  NASC  system. 
To  a  lessor  degree,  there  is  some  freedom  in  adjusting  the  student  availability 
gates  in  the  ACCESS  arcs  so  that  the  (b  to  b)-arcs  may  have  some  pools  that 
could  be  avoided  by  some  ACCESS  changes.  Student  pooling  in  the  (b  to  b)-arcs 
are  much  more  likely  to  be  'required'  than  in  the  (a  to  a)-arcs.  Student  pool¬ 
ing  in  the  (q  to  q)-arcs  is  most  likely  to  be  a  result  of  NASC  classroom  capac¬ 

ity  constraints  in  meeting  the  PRIMARY  INPUT  requirements  (Q  to  Q99)  which  were 
determined  by  a  previous  run  on  the  UPT  DSFM  subsystem.  These  pools  may  not  be 
avoidable.  Accordingly,  we  set  B  equal  to: 

Zero  on  the  (a  to  a)-arcs. 

One  on  the  (b  to  b)-arcs,  and 
Two  on  the  (q  to  q)-arcs. 

This  reflects  our  preference  on  holding  students  entering  the  ACCESS  arcs  when¬ 
ever  possible  and  then  at  entering  NASC  whenever  possible  before  any  holding  at 
entry  into  Primary  flight  training. 

Of  course,  if  no  pooling  is  to  be  permitted,  then  the  affected  arcs  may 
be  deleted  or,  alternatively,  the  capacity  set  to  zero.  One  instance  of  this  is 
where  there  is  to  be  no  carryovers  between  fiscal  years  at  the  a-nodes.  The 
nnol  arcs,  (a  to  a),  separating  the  fiscal  years  are  then  deleted.  If  pooling 

or  carryovers  are  to  be  allowed,  but  only  as  a  last  resort  to  achieve  a  little 

more  throughput,  then  B  can  be  set  at  a  very  high  value  say  100.  This  will, 
however,  increase  the  computation  time  for  a  flow  solution. 

Caution  is  the  key  word  in  selecting  the  values  for  B  .  The  effect  on 
student  flows  may  be  different  than  expected.  The  proper  and  conservative  way 
is  to  have  a  flow  solution  using  the  values  for  L  .  Then  create  a  new  solution 
with  the  trial  values  for  B  being  the  only  change.  The  effect  of  the  biasing 
then  has  a  benchmark. 

4.3  Lower  Capacity  Bound  Considerations.  The  Out-of -Kilter  (00K)  algorithm  by 
0.  R.  Fulkerson  provides  a  powerful  method  for  solving  min  cost/max  flow  prob¬ 
lems  in  network  models.  Among  the  prominent  features  of  the  method  are  the  fol¬ 
lowing  two  that  relate  directly  to  the  DSFM  application. 

a.  Lower  bounds  as  well  as  capacities  are  assumed  for  each  arc  flow. 

«  These  lower  bounds  may  be  assigned  any  non-negative  value  not  greater  than  the 
4 ' "  assigned  capacity.  The  lower  bound  is  dealt  with  directly  by  the  algorithm. 

This  feature  provides  the  basis  for  the  discussion  in  this  section. 
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b.  The  method  can  be  Iritiated  with  any  circulation  flow,  feasible  or 
not.  For  example.  In  actual  applications,  one  is  often  interested  in  seeing 
what  changes  will  occur  in  an  optimal  solution  when  some  of  the  given  data  are 
altered-  This  method  is  tailored  for  such  an  examination,  since  the  old  solu¬ 
tion  can  be  used  to  start  the  new  problem,  thereby  greatly  decreasing  computa¬ 
tion  time.  This  capability  will  be  explored  in  detail  in  the  next  section  on 
sequential  solutions. 

The  OUK  first  appeared  in  the  literature  in  1961.  A  complete  technical  descrip¬ 
tion  of  the  00K  method  is  contained  in  Appendix  A  of  reference  [6]  . 

There  are  other  algorithms  which  solve  for  the  min  cost/max  flow  in  a 
network  but  under  more  restrictive  conditions  than  the  00K.  The  properties  of 
the  OOK  referred  to  above  provide  a  compelling  opportunity  to  predict,  investi¬ 
gate,  and  control  student  flows  in  the  context  of  the  flight  training  program. 
Consider  a  'supply  and  demand'  network  where  the  supply  is  represented  by  the 
student  input  schedule  into  the  intial  indoctrination  ground  school  (NASC)  plus 
the  students  already  on  board.  The  demand  side  is  represented  by  the  Pilot 
Training  Requirements  (PTR)  by  time  periods.  The  intermediate  network  is  com¬ 
posed  of  the  various  phases  of  the  flight  training  process  in  as  much  detail  as 
desired.  To  each  arc  in  the  full  network  there  are  assigned  three  parameters: 
a  time  duration,  which  is  the  cost  coefficient  of  the  OOK;  and  an  upper  and 
lower  bound  on  student  flows  in  the  arc.  The  upper  bound  is  permissive  and  the 
lower  is  required  for  a  feasible  solution,  i.e. ,  for  a  flow  to  be  feasible,  it 
must  have  a  value  that  is  on  or  between  these  bounds.  An  arc  having  a  feasible 
flow  is  in  kilter  otherwise  the  arc  is  out  of  kilter. 

The  algorithm  examines  each  arc  no  more  than  once,  thereby  guaranteeing 
termination  since  all  networks  have  a  finite  number  of  arcs.  This  examination 
determines  if  the  arc  is  'in  kiler'  or  'out  of  kilter'.  If  in  kilter,  the  arc 
is  marked  and  the  algorithm  proceeds  to  the  next  arc.  If  'out  of  kilter'  the 
algorithm  trys  to  find  a  circulatory  flow  by  a  set  of  unambiguous  rules  which 
will  get  the  arc  'in  kilter'.  In  so  doing,  it  never  changes  an  'in  kilter'  arc 
to  an  'out  of  kilter'  arc.  If  it  is  unable  to  achieve  such  a  flow,  the  algor¬ 
ithm  would  normally  terminate  with  a  statement  that  the  problem  is  infeasible. 
For  purposes  of  the  DSFM ,  however,  the  program  for  the  algorithm  has  been  modi¬ 
fied  to  proceed  to  the  next  arc  in  an  attempt  to  get  as  many  arcs  'in  kilter'  as 
possible.  From  an  operational  perspective,  one  is  interested  to  learn  'how 
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much'  is  the  system  'out  of  kilter'  if,  indeed,  it  is  at  all*  The  flow  in  an 
'out  of  kilter'  arc  is  never  changed  in  the  interests  of  getting  another  'out  of 
kilter'  arc  'in  kilter'.  If  the  flow  in  the  arc  could  have  been  increased,  it 
would  have  been  in  the  first  attempt  to  get  it  into  kilter.  To  take  flow  out  of 
the  arc  would  make  it  'more  out  of  kilter'  than  before  and  the  rules  prohibit 
this.  The  end  result  of  processing  an  infeasible  situation  is  to  illuminate 
those  arcs  that  are  the  problem  but  it  does  not  indicate  the  least  number  of 
arcs  that  have  to  be  'out  of  kilter'. 

The  point  of  all  this  discussion  is  to  illustrate  how  the  algorithm  works 
with  respect  to  the  lower  bound  on  arc  flows.  The  non-zero  lower  bound  is  a 
powerful  tool  in  the  interpretation  of  a  wide  variety  of  scenarios  but  its  use 
must  be  tempered  with  the  knowledge  that  these  bounds  constitute  additional 
constraints  on  the  flow  problem  and  ma?  make  a  feasible  set  of  circumstances 
Infeasible  when  the  lower  bound  assignsu  nts  are  made  without  some  serious  con¬ 
sideration.  Remember  that  all  DSFM  networks  have  a  feasible  solution  when  the 
lower  bounds  are  zero. 

In  the  next  section,  the  second  feature,  (b)  above,  will  be  discussed  in 
the  context  of  the  DSFM.  Within  the  envelope  of  optimality,  techniques  have 
been  developed  for  doing  many  useful  things  that  are  not  within  the  direct  com¬ 
prehension  of  the  optimizing  algorithm. 

4.4  Sequential  Solutions.  Sections  4.2  and  4.3  discussed  parametric  methods  by 
which  the  user  may  influence  which  paths  the  00K  algorithm  selects  in  generating 
a  flow  solution.  Biasing  may  be  termed  the  'softer'  method  of  flow  control  as 
the  maximum  network  throughput  is  unaffected.  Establishing  lower  bounds  on 
flow,  on  the  other  hand,  is  a  stronger  method  of  flow  control  in  that  their  use 
may  actually  decrease  maximum  network  throughput.* 

In  this  section  the  concept  of  sequential  solutions  is  introduced  as  a 
technique  of  flow  control  to  create  solutions  exhibiting  desirable  characteris¬ 
tics  within  a  set  of  required  characteristics.  In  order  to  discuss  sequential 
solutions  we  must  first  discuss  two  important  points  regarding  the  00k  algor¬ 
ithm. 


»  *  For  completeness,  we  note  here  that  there  exists  a  third  parametric  method  of 

flow  control,  l.e.,  that  of  setting  the  capacity  values.  This  is  the  strongest 
method  of  flow  control  in  that  it  sets  the  maximum  network  throughput  which  can 
be  achieved  when  all  arcs  are  considered  to  have  zero  lower  bounds. 


i' 
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First:  The  OOtC  algorithm,  when  moving  flow  from  arc  to  arc  in 
order  to  increase  the  current  network  flow  towards  the  maximum 
network  flow,  will  not  move  flow  out  of  an  arc  when  doing  so  would 
leave  a  flow  value  below  its  lower  bound's  value. 

Second:  The  00K  algorithm  operates  on  flow  circulations  and  main¬ 
tains  flow  conservation  at  all  nodes  including  the  source  and 
sink.  That  is,  all  paths  located  for  flow  augmentation  terminate 
at  their  origin,  which  may  be  any  node  in  the  network.  To  operate 
in  this  manner  the  00K  algorithm  requires  a  network  having  one 
more  arc  than  other  network  algorithms.  This  arc  is  termed  a  're¬ 
turn'  arc  and  connects  the  sink  to  the  source.  It  is  scrictly  a 
control  arc  for  the  00K  algorithm  and  has  no  interpretation  in  the 
problem  being  solved.  It  is,  however,  important  to  note  that  the 
return  arc  will  have  a  flow  value  equal  to  the  total  flow  in  a 
network  solution. 

The  technique  of  sequential  solutions  may  take  one  of  two  general  forms, 
i.  e. ,  the  successive  alterations  of  flow  solutions  or  the  successive  removal  of 
flow  capacity. 

Successive  Alterations  of  a  Flow  Solution.  This  technique  begins 
with  the  generation  of  a  flow  solution  with  network  parameters 
that  represent  the  required  conditions.  These  parameters  are  then 
altered  to  a)  retain  any  required  characteristics  in  the  original 
solution,  and  b)  force  the  flow  solution  to  represent  additional 
desired  characteristics.  A  solution  is  then  generated  which  will 
retain  all  required  characteristics  and,  if  possible,  include  the 
desired  characteristics. 

Successive  Removal  of  Flow  Capacity.  This  technique  begins  with 
the  generation  of  a  flow  solution  with  network  parameters  that 
represent  a  portion  of  the  required  network  throughput.  The  net¬ 
work  capacity  is  then  reduced  by  the  flow  values  of  this  solution 
and  the  network  parameters  are  adjusted  to  represent  additional 
network  throughput.  A  solution  is  then  generated  which  will 
represent  this  additional  throughput  subject  to  the  original 
throughput  as  represented  by  the  first  solution. 

Three  examples  will  be  used  to  describe  the  details  of  sequential  solu¬ 
tions.  These  are: 
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a)  establishing  a  pre-primary  pool, 

b)  pushing  shortfalls  towards  the  out-years,  and 

c)  generating  solutions  by  branch  of  service. 
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The  first  two  examples  utilize  successive  alterations  of  a  flow  solution  and  the 
third  example  utilizes  successive  removal  of  flow  capacity. 

4.4.1  Establishing  a  Pre-primary  Pool.  Lower  bounds  may,  in  general,  be  used  to 
represent  both  required  conditions,  e.g.  students  onboard  at  the  beginning  of 
the  time  period  of  interest,  and  desired  conditions,  e.g.,  the  maintenance  of  a 
minimum  pre-primary  pool.  In  the  former  use,  students  onboard  must  be  included 
in  the  flow  solution  regardless  of  cost  or  throughput  considerations.  However, 
in  the  latter  case,  the  pre-primary  pool  is  to  be  maintained  only  to  the  extent 
that  throughput  is  not  compromised.  This  may  be  accomplished  by  a  two-step  pro¬ 
cess  as  follows: 

Construct  a  network  containing  lower  bounds  only  where  required 
and  obtain  a  'base'  flow  solution.  This  base  solution  exhibits 
the  maximum  flow  that  can  be  achieved  under  the  required  condi¬ 
tions.  Now,  'lock'  this  base  flow  in  the  network  by  setting  the 
lower  bound  on  the  return  arc  at  or  above  its  flow  value.  The 
base  flow  is  now  considered  'locked  in'  for  any  solution  that  is 
generated  with  this  base  solution  as  its  starting  point  because 
the  00K  algorithm  will  not  reduce  the  flow  in  any  arc  below  its 
lower  bound. 

Next,  enter  lower  bounds  representing  the  desired  pre-primary  pool 
and  obtain  a  second  solution  beginning  with  the  base  solution  gen¬ 
erated  above.  This  second  solution  will  contain  the  desired  pre- 
primary  pool  only  to  the  extent  that  it  does  not  adversely  affect 
pilot  production  during  the  time  period  of  interest. 


4.4.2  Pushing  Shortfalls  Towards  the  Out  Years.  The  technique  of  sequential 
solutions  may  be  extended  to  three,  four,  or  more  solutions.  As  an  example, 
consider  the  case  when  the  best  solution  contains  some  shortfalls  in  required 
pilot  production  and  it  is  desired  to  determine  whether  or  not  these  short  falls 
may  be  deferred  to  later  years  giving  management  more  options  in  planning  for 
their  elimination.  The  process  is  as  follows. 

Beginning  with  the  base  solution  referred  to  above,  set  the  lower 
4  *  bound  values  for  the  first  year's  PTR  arcs  to  their  respective 
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capacities  and  obtain  a  solution  based  upon  the  base  solution  hav¬ 
ing  minimum  shortfalls  in  year  one* 

Next,  set  the  lover  bounds  for  the  second  year's  PTR  arcs  to  their 
respective  capacities  and  obtain  a  solution  based  upon  the  first 
year's  solution  having  minimum  shortfalls  in  year  two  subject  to 
minimum  shortfalls  in  year  one. 


Repeat  the  above  process  for  later  years  as  desired. 

If  the  user  is  producing  the  final  solution,  i.e. ,  the  one  that  is  to 
generate  the  published  input  schedule  requirements,  the  last  year's  minimum 
shortfall  solution  may  be  followed  by  one  that  adds  the  desired  pre-primary 
po  l.  This  solution  would  establish  an  input  schedule  meeting  the  desired  pre- 
primary  pool  subject  to  the  fewest  shortfalls  in  the  early  years  and  any  initial 
conditions  imposed  in  the  base  solution. 


4.4.3  Generating  Solutions  by  Branch  of  Service.  The  prime  application  of  suc¬ 
cessive  solutions  using  removal  of  network  flow  capacity  is  the  generation  of 
flow  solutions  by  branch  of  service.  This  is  generally  not  of  concern  until  a 
base  solution  having  all  of  the  desired  flow  characteristics  has  been  generated 
for  the  total  flow  without  regard  to  branch  of  service.  At  this  point  indivi¬ 
dual  training  phase  requirements  are  well  understood  and  student  Input/output 
schedules  becomes  of  interest.  This  process  may  proceed  as  follows: 


«  - 
«► 


First,  the  user  selects  the  order,  by  branch  of  service,  in  which 
the  successive  solutions  will  be  made.  For  example,  assume  the 
order  selected  was  Navy,  Marine,  Coast  Guard,  and  Foreign. 

The  network  parameters  are  then  adjusted  to  reflect  the  input/out¬ 
put  requirements  for  Navy  and  the  total  training  capacity  as 
determined  in  the  base  solution.  Additionally,  solution  smoothing 
may  be  imposed  by  setting  training  lower  bounds  to  reflect  the 
minimum  desired  Navy  training  rate.  A  solution  is  then  generated 
for  Navy  throughput. 

Following  this  Navy  solution,  all  training  capacities  are  reduced 
by  Navy  flow.  The  network  parameters  are  then  adjusted  to  reflect 
the  Input/output  requirements  for  the  Marines.  Additionally, 
solution  smoothing  may  be  imposed  by  setting  training  lover  bounds 
to  reflect  the  minimum  desired  Marine  training  rate.  A  solution 
is  then  generated  for  Marine  throughput. 

This  process  is  repeated  for  the  remaining  branches  of  service. 
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Successive  solutions  formed  in  th  .s  manner  may  have  an  aggregate  network 
flow  less  than  that  of  the  base  solution*  The  extent  to  which  there  is  a 
decrease  in  overall  flow  is  determined  l>y  th  >  level  of  saturation  existing  in 
the  training  phases  for  the  base  solution*  Further,  if  there  is  any  decrease  in 
flow,  it  will  result  in  shortfalls  for  the  branches  of  service  treated  last  in 
the  sequence  of  runs.  For  this  reason,  it  may  be  desirable  to  make  several 
Branch  of  Service  run  sequences  to  better  understand  the  effect  of  sequential 
solutions. 
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TERMS  OF  REFERENCE 
APPENDIX  A 

AJ-J’c_ra£c^  Availability.  This  is  the  observed  operational  availability  of 
assigned  A-i/A-4  status  aircraft  and  does  not,  therefore,  include  "pool"  status 
aircraft.  This  indicates  what  percent  of  the  total  assigned  fleet  of  training 
aircraft  are  capable  of  performing  specific  scheduled  mission  and,  if  scheduled, 
do  not  fail  to  meet  the  scheduled  launches  for  any  reason  other  than  lack  of 
students,  instructors,  or  flyable  weather*  That  is,  the  aircraft  is  not  in 
check,  Is  not  DOWN  and  does  not  go  DOWN  at  the  time  of  intended  use  or  abort  a 
mission  due  to  a  maintenance  or  material  situation.  This  availability  is  an 
"operational  availability"  as  opposed  to  the  24-hour  3M  or  readiness  availabil¬ 
ity.  This,  then,  reflects  the  in-commission,  operationally  available  aircraft 
for  the  assigned  specific  mission.  The  operational  availability  should  be 
observed  and  recorded  at  frequent  representative  intervals  during  the  scheduled 
day  and  then  averaged  over  a  statistically  meaningful  span  of  time. 

Aircraft  hours  per  Student.  The  determined  average  total  aircraft  hours 
required  to  complete  the  specified  category  of  student  including  all  prorated 
extra-time  and  ancillary  hours. 

Aircraft  M.  0.  -  Maintenance  and  Operating  Factor.  The  current  approved 
s’  for  the  type/model  aircraft  as  taken  from  the  current  OPNAVINST  05311  ser¬ 
ies  . 

Aircraft  Turn-Around-Tlme  (TAT).  This  is  the  average  observed  time  to 
recycle  incomnission  aircraft.  This  factor  plays  a  most  important  role  in  the 
utilization  capability  level.  This  factor  should  be  observed,  reviewed  and 
updated  frequently.  Both  empirical  data  and  judgment  must  be  used  to  consider 
this  factor. 

TAT  applies  to  scheduled  or  "challenged"  aircraft.  It  is  composed  of 
three  major  internal  elements: 

TM  -  Maintenance  Time, 

TS  -  Schedule  Delay  Time,  and 
TT  -  Turn-up  and  Taxi  Time. 

TAT  commences  on  shutdown  at  chocks  after  return  from  a  flight.  The  air¬ 
craft  then  may  require  taking  care  of  minor  squawks,  routine  turnaround  inspec¬ 
tions,  refueling,  and  loading  of  ordnance/gun  cameras  or  rockets.  All  of  this 
goes  to  make  up  the  first  element,  TM.  At  this  time,  the  aircraft  is  "green 
flagged"  and  considered  READY  by  the  maintenance  line  crew. 
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Next  assuming  that  there  i  i  not  a  queuing  or  "man  when  ready"  policy, 
there  will  be  a  noninal  schedule  delay  time,  TS.  This  time  covers  the  period 
from  Ul*  aircraft  time  to  the  pilot's  acceptance  of  the  aircraft  for  flight  when 
he  signs  the  Yellow  Sheet.  TS  should  be  the  normal  average  schedule  delay 
period,  i.e.,  if  the  aircraft  is  not  schedulec  within  a  reasonable  period,  then 
the*  elapsed  time  is  not  a  normal  schedule  delay  time.  Also,  in  determining  TAT 
for  an  aircraft,  it  should  not  be  "married"  to  a  particular  pilot.  Generally 
speaking,  an  aircraft  can  turn  around  faster  than  an  instructor  pilot  who  must, 
after  returning  from  a  routine  training  mission,  fill  out  the  Yellow  Sheet, 
debrief  his  student,  fill  out  the  student  jacket  info,  check  schedule  board, 
perhaps  a  head  run,  etc.,  then  pick  up  his  next  student  and  brief  him.  Then  the 
pilot  picks  up  the  Yellow  Sheet  and  preflights  the  aircraft.  All  of  this  takes 
longer  than  when  different  pilots  are  scheduled  for  succeeding  flights  in  the 
same  aircraft. 

TT  starts  when  the  pilots  accepts  the  aircraft  for  flight.  This  element 
absorbs  the  delay  time  for  turn-up,  taxiing,  waiting  for  clearance  and  taking 
position  for  take-off  on  the  duty  runway.  TT  ends  at  the  time  of  takeoff. 

TAT  should  be  frequently  observed  on  good,  bad,  light  load  and  heavy  load 
days.  It  should  be  analyzed  and  averaged  over  statistically  large  enough  sam¬ 
ples  to  be  meaningful  and  supportable. 

Aircraft  Utilization  -  Annual  Fleet.  This  is  the  total  planned  annual  fleet 
utilization  task,  i.e.,  fleet  utilization  per  flyable  day  times  the  expected 
number  of  flyable  days  per  day. 

Aircraft  Utilization  -  Fleet  Utilization  ,  er  Flyable  Hay.  This  represents  the 
optimum  planned  average  flight  hour  task  per  assigned  A-l/A-4  status  aircraft 
per  t lyable  day.  It  is  in  fact  the  plam  ed  operational  utilization  as  affected 
by  tiie  availability  factor.  This  is  the  i otal  productivity  for  an  assigned  air¬ 
craft. 

Ai rcrat t  Utilization  -  Operational  Utilization  per  Flyable  Day.  This  represents 
the  optimum  planned  average  flight  hour  task  per  incoramission  aircraft  per  flya¬ 
ble  day.  This  is  tiie  determined  productivity  of  an  "available"  aircraft. 

Algorithm.  A  constructive  calculating  process  that  leads  to  a  solution  of  a 
certain  type  of  problem  in  a  finite  number  of  steps* 

Arc.  See  Network. 
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Attritc.  A  student  who  fails  and/or  is  released  from  a  course  of  instruction  in 
whi'h  enrolled  at  any  time  prior  to  successful  completion  of  the  course  is  con¬ 
sidered  an  attrite-  There  are  specific  instructions  relating  to  the  causes  of 
at t  rlt Ion- 

Available  Fflective  Instructor-  An  instructor  is  considered  available  if  he  is 
able  to  be  scheduled  to  be  flown  (whether  he  actually  flies  or  not).  Obviously 
if  on  leave,  sick,  TAD,  courts  or  boards,  an  instructor  is  not  available  or  is 
not  available  for  a  normal  scheduling  period-  If,  for  instance,  he  is  available 
only  1/2  day,  he  is  considered  to  be  50%  available  for  that  day. 

Awaiting  Induction  Student-  Awaiting  induction  status  is  defined  as  onboard  the 
Uing/Station  but  not  started  into  training-  Awaiting  induction  past  a  normal 
induction  date  is  in  a  "Pool"  status- 

Effective  Instructor.  An  effective  instructor  is  an  aviator  in  a  squadron  who 
is  listed  as  primary  duty  Flight  Instrucor  and  who  has  been  NATOPS  qualified, 
trained  and  standardized,  and  considered  to  be  qualified  to  carry  a  student 
load.  Once  an  IUT  is  scheduled  to  fly  any  student  for  any  part  of  the  pre¬ 
scribed  syllabus  he  is  considered  "effective"  even  though  he  might  have  more  of 
the  IUT  syllabus  in  which  to  be  standardized*  Primary  duty  and  authorized  admin 
aviators,  e-g-,  CO,  XO,  Training  Officer,  etc.,  even  though  they  may  be  quali¬ 
fied  ro  carry  a  student  load,  shall  not  be  reported  as  effective  instructors. 

Final  Completion.  A  student  is  considered  a  final  completion  when  he  has  suc¬ 
cessfully  completed  the  entire  prescribed  stages  and  phases  of  a  syllabus  lead¬ 
ing  to  designation  and  is  counted  against  the  prescribed  PTR/NFOTR. 

Instr uctor_Ava^i lab H.ity -  This  is  the  ai  terrained  average  percent  of  the  time 
that  a  "PIT"  instructor  pilot  (IP)  is  available  to  fly-  Unavailability  allows 
toi  leave,  sickness,  admin  overhead,  etc.  It  is  a  critical  factor  in  determin¬ 
ing  the  optimum  planned  flight  hour  task  for  squadron  aviators. 

Instructor  Hours  per  Student.  The  determined  average  total  instructor  flight 
hours  required  to  complete  a  student  including  extra  time.  Times  spent  on 
attrited  students  and  all  other  ancillary  time  are  prorated  against  the  success¬ 
ful  graduate. 

Instructor  Overhead  Hours  per  Day.  This  factor  enters  into  the  determination  ot 
the  "turn-around-time"  for  instructors  and  relates  to  the  determined  daily  aver¬ 
age  administrative  time  lost  between  flights  over  and  above  student  contact 
time,  schedule  delay  time  and  pure  unavailability.  Overhead  time  covers  such 
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tilings  as  musters,  inspections,  change  of  duty  sections-  It  amounts  to  about  Ju 
to  i>0  minutes  per  scheduled  flyable  day. 

Instructor  Student  Contact  Time  per  Sortie  Hour.  The  contact  time  here  is  in 
addition  to  the  syllabus  flight  time-  It  is  the  student-instructor  involvement 
factor-  It  highlights  the  fact  that  an  effective  instructor  is  employed  to  a 
much  greater  extent  than  just  the  indicated  flight  hours  per  flyable  day. 

Instructor  Utilization  per  Flyable  Day.  The  optimum  planned  average  total 
flight  hours  (to  two  decimal  places)  per  available  effective  instructor  per 
tlyable  day.  I’eacetime  factors  are  based  on  an  8-hour  day  and  surge  factors  on 
<1  10-hour  day. 

Instructor  Utilization  per  Year .  The  annual  average  total  flight  hours  per 
instructor  (hours  per  flyable  day  times  expected  flyable  days  for  the  year). 

In-Transit  Student-  An  in-transit  student  is  one  who  has  been  transferred  from 
a  particular  Phase,  Squadron  or  Wing  and  ordered  to  report  to  a  different  Phase, 
Squadron  or  Wing  and  not  yet  picked  up  by  ills  new  activity. 

Mathematical  Model.  The  general  charact  rization  of  a  process,  object  or  con¬ 
cept  ,  in  terms  ot  mathematics,  which  ena  lies  the  relatively  simple  manipulation 
oi  variables  to  be  accomplished  in  order  to  determine  how  the  process,  object  or 
concept  would  behave  in  different  situations- 

Network-  A  configuration  of  nodes  and  arcs  where  the  nodes  are  analygous  to  the 
interchanges  in  the  interstate  highway  system  and  the  arcs  are  the  one-way  seg¬ 
ments  of  the  interstate  system  connecting  the  interchanges.  For  our  purposes, 
an  arc  (x,y)  is  completely  defined  as  originating  at  node  x  and  terminating  at 
node  y  .  Nodes  are  variously  called  vertices,  junction  points  or  points.  Arcs 
are  referred  to  as  links,  branches  or  edges.  We  use  the  node-arc  terminology 
throughout • 

NFuTk-  "Naval  Flight  Officer  Training  Rate"  -  Same  type  of  breakdown  as  PTR  and 
by  pipeline  -  RIO,  bJN,  NAV ,  AEW/AELW/ATDS ,  etc. 

Node.  See  Network- 

"Non-  Pipeline"  Students  Special  or  Refresiier  students  not  preceding  through 
any  ot  the  entire  prescribed  pipeline  syllabi  and  not  chargeable  to  the  pub¬ 
lished  designation  training  rate  are  considered  as  "Non-Pipeline." 

Non-  Standard  "Pipeline"  Student.  Foreign  or  Coast  Ouard  student  in  one  of  the 
"Pipelines",  chargeable  to  the  established  annual  training  rate  and  receiving  an 
approved  syllabus. 
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Phase-  A  phase  of  training  is  a  major  portion  of  the  prescribed  steps  through  a 
pipeline-  tor  example,  in  the  pilot  training  syllabus,  Primary,  basic  and 
Advanced  are  phases. 

Phase  Completion-  A  student  shall  be  reported  as  a  completion  when  he  has  suc¬ 
cessfully  completed  the  prescribed  syllabus  for  the  reported  phase  of  training 
and  has  been  transferred  to  a  subsequent  phase. 

"Pipeline"  Students .  A  student  (Pilot  or  NFO)  who  is  in  the  training  system  and 
chargeable/credited  to  the  prescribed  training  rate  for  the  year. 

F 1 K .  "Pilot  Training  Rate"  -  The  CNO  approved  and  published  Pilot  Training  Pro¬ 
gram  Output  Goals  for  a  given  fiscal  year.  This  PTR  not  only  establishes  the 
gross,  or  total  rate  but  also  the  breakdown  by  Navy/Marine/Coast  Guard/  Foreign 
and  by  pipeline  -  Jet/Prop/Helo. 

Scheduled_Oa_y.  A  scheduled  day  is  a  day  during  which  normal  flight  operations 
are  scheduled  in  each  particular  reported  squadron.  A  scheduled  day  therefore 
excludes  days  or  fractions  of  days  during  which  there  is  a  cessation  of  normal 
schedule  operations  such  as  most  weekends,  holidays,  safety  stand-downs,  admin 
inspections,  change -of -command ,  etc.  Normal  might  be  defined  as  a  situation 
during  which  the  majority  of  students,  instructors  and  aircraft  are  scheduled  to 
perform  training  or  training-related  missions.  If  half  a  normal  day  is  sched¬ 
ule,.,  it  would  be  considered  a  0.5  scheduled  day.  When  only  a  few  cross-coun¬ 
try,  test  or  IUT  flights  are  scheduled  over  a  weekend,  the  Saturday  in  question 
is  not  considered  a  scheduled  day.  The  standard  number  of  scheduled  days  are 
dependent  upon  whether  the  planning  factors  in  use  are  peacetime  factors  (5-day 
week/50-week  year)  for  243  days;  surge  factors  (5.5-day  week/50-week  year)  for 
268  days;  or  mobilization  (b-day  week/52-week  year)  for  353  days. 

Sortie  Length .  An  overall  recorded  average  length  of  all  flights. 

Stage ■  A  stage  of  training  is  an  internal  and  integral  segment  of  a  training 
phase,  e.g.,  the  Transition  Stage  or  Basic  Instrument  Stage  of  the  Basic  Flight 
Training  Phase  of  Training. 

Standard  "Pipeline"  Student.  A  L/.S.  Navy  or  Marine  student  inducted,  undergoing 
training,  completed  or  attrited  from  the  prescribed  syllabus  leading  to  designa¬ 
tion  as  a  qualified  Naval  Aviator  or  Naval  Flight  Officer. 

Student  Attrition.  Expected  percent  of  students  who  will  not  successfully  com¬ 
plete  the  course  for  any  reason  (flight  failure,  DOR,  fatalities,  physical, 
etc. ) . 
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Student  Hours  to  Complete-  Average  total  student  log  book  hours  required  to 
successfully  complete  the  prescribed  syllabus.  For  the  average  student,  this 
will  include  a  certain  amount  of  incomplete  and  re-fly  time,  extra  time  but  does 
not  include  pure  ancillary  time  not  syllabus  related- 

Weather  -  Flyable  Days.  "Flyable  Days"  and  fractional  parts  thereof.  The  equa¬ 
tion  for  determining  "Flyable  Days"  is  as  follows: 

(Scheduled  Flights  -  Flights  Lost  to  WX)  X  Scheduled  Days 

Scheduled  Flights 

"Scheduled  Flights"  are  also  related  to  the  "Scheduled  Day"  definition  in  that  a 
"Normal"  day's  schedule  should  be  the  foundation  stone  in  this  consideration.  A 
student  load  generates  a  requirement  for  the  scheduling  of  many  different  types 
of  flights,  e.g.,  student  syllabus  flights,  instructor  training,  NATOPS,  stand¬ 
ardization  board  flights;  test,  ferry,  weather  and  other  overhead  flights. 
Therefore,  the  normal  total  schedule  is  directly  related  to  the  "available"  stu¬ 
dent  load.  In  most  instances,  all  or  most  "available"  students  would  be  sched¬ 
uled  dependent  upon  their  individual  status.  After  a  "Normal"  schedule  is 
roughed  out,  then  certain  flights  could  fall  out  of  the  schedule  due  to  lack  of 
aircraft  or  instructors,  or  whatever  limiting  factor  might  impact  on  the  sched¬ 
uling  capability.  After  flights  lost  to  aircraft,  instructors  and  other  have 
uv  redacted,  the  remainder  should  reflect  the  real  schedule  -  the  "Scheduled 
Flights:  element  in  the  equation.  Then,  the  computation  should  be  straightfor¬ 

ward  in  determining  the  effect  of  weather  on  the  schedule. 

Weather  -  Percent  (%).  The  percent  of  scheduled  flights  that  can  be  expected  to 
be  flyable  as  far  as  the  effects  of  weather  are  concerned.  The  following  equa¬ 
tion  applies: 

UXZ  "  Scheduled  flights  -  Flights  lost  to  WX  \  '.JO . 

Scheduled  Flights 

Notice  that  scheduled  flights  lost  to  lack  of  aircraft,  students,  instructors, 
etc- ,  are  not  a  function  of  the  weather  factor.  Also,  note  this  is  not  just  a 
pure  meteorological  factor  -  the  type  training  and  taission  play  a  role. 
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ABBREVIATIONS 


Appendix  B 


A 

+A 

A+ 

ADP 

Ail 

A1 

AMUO 

AUC 

AOCS 

APFI 

Al'N 

AS 

ASK 

AVKOC 

ti 

C 

C+ 

CAT  l 


ABBREVIATIONS 

Attrition.  A  statistical  estimate  of  the  percentage  of  students 
entering  a  phase  of  training  who  will  not  complete  the  phase  for 
any  reason. 

This  is  the  prephase  attrition  representing  the  percentage  of 
expected  losses  in  the  number  of  phase  entrants  before  final  gradu¬ 
ation  from  UPT. 

This  is  the  postphase  attrition  representing  the  percentage  of 
expected  losses  in  the  number  of  phase  graduates  before  final  grad¬ 
uation  from  UPT. 

Automatic  Data  Processing. 

The  Advanced  Uelo  (Advanced  Rotary  Wing)  phase  of  flight  training. 

Aviation  Intelligence 

Aviation  Maintenance  Duty  Only 

Aviation  Officer  Candidate 

Aviation  Officer  Candidate  School 

Aviation  Pre-flight  Indoctrination 

Aircraft  Procurement,  Navy  —  an  appropriation  term  of  reference 
The  Advanced  Strike  phase  of  flight  training. 

Aviation  Statistical  Report  —  a  monthly  UPT  report. 

Aviation  Reserve  Officer  Candidate. 

A  parameter  used  in  place  of  the  phase  time  to  train  which  repre¬ 
sents  a  weight,  bias  or  cost  of  the  phase  of  training. 

The  maximum  weekly  capacity  to  train  phase  graduates  in  a  phase  of 
training  in  UPT. 

This  is  C  reduced  by  all  postphase  attrition  (A+)  so  that  C  is 
expressed  in  terras  of  pipeline  graduates. 

Normally  a  first  tour  pilot  entering  FRS  —  all  UPT  grads  are  CAT 
l  • 

Chief  of  Naval  Air  Training 


CNATRA 


CNET 

CNO 

EQ 

CV 

CVT 

D 

DSFM 

ECP 

FASOTRACRU 

KIT 

FKS 

II 

ID 

IF 

IF 

IS 

L 


Chief  of  Naval  Education  and  Training 
Chief  of  Naval  Operations 

Carrier  Qualification  on  an  aircraft  carrier 
A.i  aircr-fr  carrier 

An  aircraft  carrier  with  the  primary  mission  of  training 
Work  day  factor  (1  — >  workday,  0  — >  non-workday)- 
Dynamic  Student  Flow  Model 
Enlisted  Commission  Program 

Fleet  Aviation  Specialized  Operational  Training  Group 
Flight  Instrument  Trainer 

Fleet  Readiness  Squadron  (sometimes  abbreviated  further  to  RS) 
Daylight  hours  in  a  particular  day 

Identification  —  a  combination  of  alphanumerics  uniquely  identify¬ 
ing  a  member  of  a  class  of  people  or  things 

Instructor  Pilot 

The  Intermediate  Prop/Helo  phase  of  flight  training 
The  Intermediate  Strike  phase  of  flight  training 

The  average  weeks  required  to  train  a  student  in  a  phase  of  train¬ 
ing 


LANT 

:i 

MPN 

MT 

HARM 

NATRACOH 

NAVAIRLANT 

NAVAIRPAC 

NFO 


Atlantic  Fleet 

The  minimum  weekly  capacity  to  train  phase  graduates  in  a  phase  of 
training  in  UPT 

Military  Personnel,  Navy  —  an  appropriation  term  of  reference 

Advanced  Maritime  —  a  syllabus  version  of  the  advanced  prop  train¬ 
ing  phase  of  training 

Navy  Resource  Model 

Navy  Aviation  Training  Command 

Naval  Air  Forces,  Atlantic  Fleet 

Naval  Air  Forces,  Pacific  Fleet 

Naval  Flight  Officer 
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NMPC 

NHOTC 

ObL 

(OBL)+ 

OFT 

04.1 

OMN 

OpNav 

Op-59 

PAO 

PCS 

Pli 

PM 

POL 

PK 

PTk 

SEkGKAD 

SERE 

SNA 

TP01 

TK 

TKAWiNC 


4  ► 


UP1' 
USCC 
Li  SMC 
USN 


Naval  Military  Personnel  Command 
Naval  Reserve  Officer  Training  Candidate 
Onboard  Load  (of  students) 

Onboard  Load  reduced  by  postphase  attrition  so  as  to  represent 
pipeline  graduates 

Operational  Flight  Trainer 

Organizational  and  Intermediate  Maintenance 

Operations  and  Maintenance,  Navy  —  an  appropriation  term  of  refer¬ 
ence 

The  Office  of  the  Chief  of  Naval  Operations  (his  staff) 

Director,  Aviation  Manpower  and  Training  Division 
Pacific  Fleet 

Permanent  Change  of  Station 

Primary  Helo  phase  of  flight  training 

Phased  Maritime  phase  of  flight  training 

Petroleum,  Oil  and  Lubricants 

Primary  phase  of  flight  training 

Pilot  Training  Rate  (annual) 

Selectively  Retained  Graduate  (from  UPT) 

Survival,  Evasion,  Resistance  and  Escape 
Student  Naval  Aviator 

Time  Period  of  Interest  (normally  three  years) 

Transit  —  an  event  in  the  course  of  UPT  training  when  significant 
geographic  separation  is  involved  between  phases 

Training  Wing  in  the  UPT  —  has  two  or  more  squadrons  reporting  to 
it 

Undergraduate  Pilot  Training 
United  States  Coast  Guard 
United  States  Marine  Corps 
United  States  Navy 
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VAMOSC 

VTX 

W 


Visibility  and  Management  of  Operating  and  Support  Costs 
The  forthcoming  jet  trainer  now  under  procurement 

Weather  factor  —  the  expected  percentage  of  flyable  weather  over  a 
specified  period  of  time 
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PATHFINDER  -  DYNAMIC  STUDENT  FLOW  MODEL 
BASIC  UPT  -  FY81  WK1  -  SOLUTION  8A.2G 

FULL  STAFF  SUMMARY 


OS/14/81 


PATHFINDER  -  DYNAMIC  STUDENT  FLOW  MODEL 
•ASIC  OFT  -  mi  OKI  -  SOLUTION  8A.28 


075151 


f 


FULL  STAFF  SUMMARY 


STUDENTS  COMMENCING  PHASE  TRAIN IN6 

F  Y81 

FY82 

FY83 

PRIMARY 

2095 

2224 

2249 

F41 

451 

464 

481 

F«2 

409 

448 

45S 

Fft3 

573 

639 

640 

F«4 

662 

673 

673 

INTERMEDIATE  STRIKE 

585 

649 

680 

F91 

96 

135 

158 

F  42 

133 

143 

153 

F«3 

171 

18S 

185 

FQ4 

185 

186 

184 

ADVANCED  STRIKE 

577 

583 

597 

Fft  1 

133 

114 

126 

F02 

131 

123 

123 

Ft»3 

143 

166 

168 

F04 

170 

180 

180 

PHASED  MARITIME 

422 

431 

446 

F«1 

76 

95 

106 

FA2 

95 

85 

89 

F«3 

121 

120 

121 

FQ4 

130 

131 

130 

f  * 

«  V 
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05/14/81 

MTHflN»M 
BASIC  OF? 

-  DYNAMIC 
•  FY81  OKI 

STUDENT  FLOU  MOBIL 
-  SOLUTION  8A.26 

075151 

FULL  STAFF 

SUNNARY 

GRADUATES 

FY81  FY82 

FY83 

STUDENTS  FRON  SCHOOLS  COMMAND 

2092 

2294 

2244 

FQ1 

470 

537 

479 

FQ2 

490 

446 

455 

F43 

545 

638 

638 

F«4 

587 

673 

672 

PRIMARY 

1681 

1805 

1867 

F41 

333 

366 

400 

FQ2 

331 

366 

372 

F43 

540 

573 

594 

F44 

477 

500 

501 

INTERMEDIATE  STRIKE 

577 

595 

628 

F«1 

137 

113 

114 

F42 

127 

123 

123 

F43 

143 

174 

206 

FQ4 

170 

185 

185 

ADVANCED  STRIKE 

562 

545 

567 

FQ1 

121 

116 

118 

F42 

118 

110 

129 

FQ3 

186 

156 

157 

F44 

137 

163 

163 

PHASED  MARITIME 

396 

422 

437 

F91 

77 

88 

88 

FQ2 

81 

88 

88 

F43 

122 

136 

151 

FQ4 

116 

110 

110 
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PATH?  11188ft 
BAA  1C  i« 


DYNAMIC  ITHHNT  FLO*  WMl 
FTftl  (Ml  -  IM.HT1M  M.M 
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FULL  STAFF  SUMMARY 


TRAIN1N6  CAPACITY 

FY81 

FY82 

FY83 

PRIMARY 

2386 

2388 

2386 

FR1 

561 

562 

560 

FR2 

497 

497 

497 

FR3 

640 

639 

641 

FRA 

688 

690 

688 

INTERMEDIATE  STRIKE 

706 

706 

706 

FR1 

165 

165 

165 

FR2 

152 

152 

152 

FR3 

185 

185 

185 

FR4 

204 

204 

204 

advanced  STRIKE 

627 

627 

627 

F«1 

146 

146 

146 

FR2 

134 

134 

134 

FR3 

167 

167 

167 

FR4 

180 

180 

180 

PHASED  MARITIME 

455 

455 

455 

FA1 

106 

106 

106 

FQ2 

98 

98 

98 

FR3 

120 

121 

122 

FR4 

131 

130 

129 

124 
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PATHFINDER  -  DVNANXC 

ITUKRT  FLN 

Mm 

■ASIC  UPT  •  fill  NK1 

•  SOLUTION 

•A  .to 

075151 

> 

FULL  STAFF 

SUNNARY 

TRAINING 

CAPACITY 

FY8 1 

FY82 

FY83 

INT.  PROP 

FOR  HELO 

762 

761 

762 

F«1 

160 

160 

162 

FA2 

148 

148 

146 

F«3 

226 

227 

227 

FQ4 

228 

226 

227 

PR1NARY  HELO 

681 

683 

733 

F#  1 

138 

138 

148 

FQ2 

140 

140 

150 

FQ3 

207 

207 

225 

F«4 

196 

198 

210 

ADVANCED  HELO 

674 

678 

725 

F«1 

148 

147 

158 

FQ2 

137 

137 

148 

F«3 

195 

196 

212 

F«4 

194 

198 

207 

4  v 

4> 
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PATHFINDER  -  IVRMIC  STUDCNT  FLOS  Mill 
OS/14/81  SASIC  OPT  -  FTS1  MCI  -  SOLUTION  8A.28  07S1S1 


FULL  STAFF  SUMMARY 


6RADUATE  CAPACITY 

FY8 1 

FY82 

FY83 

PRIMARY 

1868 

1980 

1982 

FA1 

333 

400 

400 

F«2 

344 

389 

390 

F«3 

690 

691 

689 

FQ4 

500 

499 

SOI 

INTERMEDIATE  STRIKE 

670 

649 

649 

FQ1 

137 

113 

113 

FA2 

140 

143 

143 

FQ3 

207 

207 

207 

FA4 

185 

18S 

185 

ADVANCED  STRIKE 

600 

596 

595 

FA1 

120 

117 

117 

F«2 

131 

129 

129 

F93 

186 

186 

185 

FR4 

161 

163 

163 

PHASED  MARITIME 

428 

445 

445 

F91 

77 

87 

87 

F92 

81 

88 

88 

FR3 

151 

151 

151 

FR4 

118 

118 

118 

4  F 
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7 


T-44  7 


OS/14/81 

MTUftWa  -  DYNAMIC 

STBBCBT  FLOW  MML 

BASIC  BTI  -  mi  MK1 

•  SOLUTION 

•A  *20 

075151 

ft 

FULL  STAFF 

SUMMARY 

6RADUATE 

CAPACITY 

FY8 1 

FY82 

FY83 

INT  PROP 

FOR  helo 

733 

753 

754 

FR1 

144 

165 

165 

FA2 

141 

141 

142 

FA3 

229 

229 

228 

FA  4 

217 

216 

217 

PRIMARY  HELO 

674 

674 

721 

FA  1 

133 

132 

139 

FA2 

139 

139 

150 

FAS 

210 

209 

226 

FA4 

191 

192 

204 

ADVANCED  HELO 

649 

647 

690 

FA  1 

131 

124 

127 

FA2 

141 

144 

156 

FAS 

194 

193 

209 

FA4 

182 

183 

196 

A  * 


<*■ 
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T-44  7 


05/14/81 

PATNf  Ultt 

basic  nrr 

•  lINMIt  STUB  KMT  FLOW 
-  BTtl  MCI  -  SOLUTION 

NOOCL 

SA.2S 

075151 

FULL  STAFF  SUMMARY 

AVERA6E 

STUDENT  ONBOARD 

LOAD  IN  TRAINING 

FY81  FY82 

FY83 

PRIMARY 

6S5 

728 

741 

FQ1 

704 

723 

745 

F«2 

677 

720 

745 

F93 

680 

740 

746 

F44 

680 

728 

728 

INTERMEDIATE  STRIKE 

231 

248 

261 

F01 

241 

244 

252 

F«2 

211 

249 

281 

Fft3 

231 

254 

270 

FQ  4 

240 

244 

244 

ADVANCED  STRIKE 

209 

202 

210 

FQ1 

224 

194 

215 

FR2 

227 

201 

212 

F«3 

194 

207 

207 

F«4 

194 

205 

205 

PHASED  MARITIME 

165 

171 

178 

FQ1 

152 

173 

183 

F92 

163 

180 

193 

FQ3 

177 

167 

171 

FQ4 

165 

166 

166 
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OS/14/81 


NTlflMtt  -  »HMK  ITVNIT  FLO*  HNH 

basic  vn  -  mi  mki  •  hlhtim  u.h 

FULL  STAFF  SUMMARY 


T-44  7 


075151 


I 


AVERA6E  STUDENT  ONBOARD  LOAD  IN  TRA1NIN6 

FY81 

FY82 

FY83 

1NT.  PROP  FOR  HELO 

62 

66 

73 

FR 1 

57 

65 

73 

FR2 

64 

67 

77 

F43 

64 

68 

74 

FRA 

62 

65 

69 

PRIMARY  HELO 

62 

66 

73 

FR1 

57 

68 

73 

FR2 

62 

65 

73 

FQ3 

60 

64 

71 

FRA 

68 

68 

73 

ADVANCED  HELO 

132 

143 

153 

FR1 

141 

145 

152 

FR2 

128 

151 

156 

FR3 

130 

139 

150 

FRA 

128 

138 

1S3 

l 
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T-447 


mviniim  -  •mmnt  itvhrt  flou  mm 

05/14/SI  BASIC  ITT  -  PVS9  MCI  -  MlltllN  8A»2t 


075151  | 


t 


FULL  STAFF  SUMMARY 


AVERA6E  STUDENT  ONBOARD  LOSS  IN  POOL 

FTS1 

FYS2 

FV8S 

INTO  PRIMARY 

SB 

67 

74 

FA1 

19 

46 

74 

PA2 

90 

74 

74 

FAS 

S7 

74 

74 

FA4 

35 

74 

74 

INTO  INTERMEDIATE  STRIKE 

4 

15 

27 

FBI 

0 

6 

44 

F«2 

0 

7 

IS 

FAS 

2 

1 

3 

FA4 

14 

44 

47 

INTO  ADVANCED  STRIKE 

2 

4 

17 

FA1 

1 

2 

S 

FA2 

6 

1 

1 

FAS 

0 

1 

16 

FA4 

0 

14 

45 

INTO  PHASED  MARITIME 

1 

2 

1 

FA1 

1 

2 

2 

FA2 

S 

S 

2 

FAS 

1 

0 

0 

FA4 

0 

2 

1 

—  130  - 


05/14/81 


MWtlltt  •  IVNMK  irnwr  HW  MM 
BASIC  BBT  *  mi  Ml  •  80LNT10B  U.M 


T-447 


075151 


f 


FULL  STAFF  SUMMARY 


AVERAGE  STUDENT  ONBOARD  LOAD  IN  POOL 

FY81 

FY82 

FY83 

INTO  1NT.  PROP  FOR  NELO 

2 

3 

4 

FBI 

2 

3 

10 

FB2 

5 

2 

3 

F03 

2 

0 

0 

FB4 

1 

6 

5 

INTO  PRIMARY  MELO 

3 

3 

6 

FBI 

2 

3 

6 

FB2 

2 

2 

4 

FR3 

1 

1 

7 

FU4 

6 

7 

S 

5 

8 

13 

FBI 

4 

10 

S 

FB2 

1 

4 

8 

FB3 

2 

6 

18 

FB4 

11 

11 

21 

TOTAL  CNATRA 

92 

120 

160 

FBI 

43 

90 

160 

FR2 

121 

107 

121 

FB3 

116 

104 

138 

FB4 

87 

177 

220 

V 

*  *- 
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T-447 


MTwmu  -  nkmu  imm  m»  nhi 

os/14/81  imk  arr  -  Hit  wn  -  mutim  ius  orstst 


t 

NOMINAL  ONBOARD  LOAD 


FULL  STAFF  SOMIARV 


fvii  rm  fvi3 


PRIMARY 

780 

784 

784 

FR1 

766 

805 

806 

FR2 

840 

861 

860 

FR3 

784 

784 

784 

FRA 

733 

733 

733 

INTERMEDIATE  STRIKE 

274 

272 

272 

FR1 

281 

276 

276 

FR2 

280 

286 

286 

FQ3 

270 

270 

270 

FR4 

250 

248 

249 

ADVANCED  STRIKE 

224 

221 

221 

FR1 

238 

223 

222 

FR2 

237 

240 

240 

FR3 

219 

219 

219 

FRA 

205 

205 

205 

PHASE  MARITIME 

180 

181 

181 

FR1 

179 

183 

183 

FR2 

194 

197 

198 

FR3 

180 

180 

180 

FRA 

166 

166 

166 

-  132  - 


OS/14/81 


NIMIMU  -  NIMII  ITVHNI  FLO 8  NHL 
888 tC  NT  -  mi  881  -  80181100  IIJ« 

FULL  STAFF  SUNNARY 


T-447 


075 1S1 


1 


NOMINAL  ONBOARD  LOAD 

FY81 

FY82 

FY83 

1NT.  PROP  FOR  HCLO 

75 

75 

75 

FBI 

74 

74 

75 

FB2 

77 

77 

77 

FB3 

74 

74 

74 

FB4 

75 

7$ 

75 

PRIMARY  HELO 

68 

68 

73 

FBI 

71 

68 

73 

FB2 

69 

69 

74 

FB3 

66 

64 

72 

FB4 

68 

68 

73 

ADVANCED  NELO 

149 

144 

156 

FBI 

159 

146 

155 

FB2 

155 

155 

167 

FB3 

140 

140 

151 

FB4 

142 

143 

153 

i; 


133  - 


05/14/61 


075151 


MWHNI 
•MIC  on 


MMNt  imm  ftp 
ffll  MK1  •  MUmM  66*26 


FULL  STAFF  SUMMARY 


TOTAL  STUDENT-HEEKS  XN  POOLS 

FY61 

FY62 

F963 

INTO  PRIMARY 

2924 

3382 

3701 

FR1 

235 

540 

666 

FR2 

1064 

897 

668 

F«3 

1142 

942 

943 

F«4 

445 

963 

962 

INTO  INTERMEDIATE  STRIKE 

221 

787 

1388 

FR1 

0 

102 

539 

F«  2 

5 

89 

181 

FR3 

28 

23 

48 

F«4 

188 

573 

420 

INTO  ADVANCED  STRIKE 

121 

245 

840 

F«1 

21 

26 

37 

FR2 

82 

14 

16 

FQ3 

8 

21 

219 

F04 

10 

184 

588 

INTO  PHASED  MARITIME 


73  106 


75 


OS/14/81 


MIWtlM  -  HNMIt  imnt  PLOW  Mia 

Mixi  wot  -  mt  wki  *  solution  m.m 


T-447 


orstsi 


I 


PULL  STAFF  SUNNARY 


TOTAL  STUOENT-UEEKS  IN  FOOLS 

FY81 

PT82 

PV83 

INTO  1NT.  PROP  FOR  HELO 

147 

163 

240 

FA1 

28 

38 

123 

FR2 

64 

26 

40 

PR  3 

38 

12 

7 

PR4 

17 

87 

70 

INTO  PRINARY  HELO 

151 

174 

344 

FA1 

26 

38 

78 

FR2 

27 

24 

57 

PR3 

16 

10 

99 

PR4 

82 

93 

110 

INTO  AOVANCED  HELO 

262 

424 

682 

FR1 

57 

130 

67 

FR2 

14 

56 

98 

FR3 

38 

87 

235 

FR4 

153 

151 

282 

TOTAL  CNATRA 

3901 

5283 

7290 

FR1 

381 

921 

1758 

FR2 

1315 

1149 

1315 

FR3 

1290 

1126 

1571 

FR4 

915 

2087 

2646 

.  135  - 


I 


T-447 


05/14/81 


Mttc  urr 


•  MIMIC  8TVMMT  HM  NHL 

•  mi  wi  -  nlvtim 


075151 


t 


FULL  STAFF  SOWIARf 


STUDENTS  18  TRAINING  AT  EN*  OF  PER 10* 

FY81 

FY82 

FV83 

PRIMARY 

730 

772 

772 

FRl 

705 

742 

766 

FR2 

705 

745 

767 

FR3 

643 

705 

706 

F«4 

730 

772 

772 

INTERMEDIATE  STRIKE 

236 

233 

236 

F«1 

223 

247 

271 

FR2 

220 

255 

287 

FR3 

236 

252 

251 

FR4 

236 

238 

236 

advanced  strike 

207 

216 

216 

FRl 

227 

W 

217 

FR2 

232 

205 

204 

FR3 

182 

207 

207 

FR4 

207 

216 

216 

PHASED  MARITIME 

178 

178 

178 

F61 

157 

183 

194 

FR2 

169 

177 

192 

FR3 

166 

159 

160 

FR4 

178 

178 

178 

T-447 


NTMIMN  -  MIMIC  ITHHIT  PLW  MNL 
OS/14/81  Mill  OPT  -  mi  MCI  -  ItiVTIM  84*28 


07S1S1  | 


FULL  STAFF  SUMMARY 


STUDENTS  IN  TNA1NIN8  AT  END  OF  PERIOD 

FV81 

FT82 

FY83 

INT.  PROP  FOR  HELO 

71 

78 

81 

F01 

69 

71 

76 

F02 

52 

70 

78 

FR3 

72 

73 

74 

F04 

71 

78 

81 

PRIMARY  HELO 

68 

72 

75 

F81 

55 

74 

78 

FQ2 

68 

70 

78 

F03 

67 

67 

72 

F04 

68 

72 

7S 

ADVANCED  HELO 

141 

140 

153 

F01 

129 

155 

158 

F02 

124 

142 

153 

F«3 

130 

139 

151 

F04 

141 

140 

153 

CNATRA  TOTAL 

1631 

1694 

1711 

F81 

1565 

1671 

1760 

F02 

1570 

1664 

1759 

F03 

1496 

1602 

1621 

FRA 

1631 

1694 

1711 
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I 


T-447 


NVWUNI  -  IVNMIK  iTVMIf  FL8U  MHL 

05/14/si  basic  srr  -  mi  ski  -  solution  sa.2« 


075151  r 


FULL  STAFF  SUMMARY 


FOOLS  AT  THE  END  OF  VEAR/RUARTER 

FYS1 

FYS2 

FY83 

INTO  PRIMARY 

1 

74 

74 

F01 

21 

74 

74 

FA2 

101 

74 

74 

FR3 

75 

74 

74 

F04 

1 

74 

74 

INTO  INTERMEDIATE  STRIKE 

25 

55 

58 

F«1 

0 

11 

34 

F«2 

2 

13 

13 

FA3 

0 

0 

6 

F04 

25 

55 

58 

INTO  ADVANCED  STRIKE 

0 

12 

43 

F01 

4 

0 

0 

F02 

0 

0 

0 

F03 

0 

7 

38 

F04 

0 

12 

43 

INTO  PHASED  MARITIME 

0 

5 

2 

FQ1 

0 

0 

1 

F«2 

8 

8 

» 

F«3 

0 

0 

0 

F04 

0 

5 

2 

T-447 


MTNHMtt  -  MVMIK  ITVHRT  FLOM  NNl 
OS/ 14/81  BASIC  m  -  Ml  MCI  -  NHIISM  88. M 


t 


FULL  STAFF  SUMMARY 


POOLS  AT  THE  ENA  OF  VEAA/AUARTEA 


FT81  FY82 


INTO  1NT.  PROP  FOR  HELO 


0  4 


INTO  PRIMARY  HELO 


INTO  ADVANCES  HELO 


TOTAL  CNATRA 


F«1 

8 

0 

FR2 

0 

0 

FA3 

0 

4 

FRA 

0 

6 

0 

0 

FR1 

3 

3 

FR2 

0 

0 

FAS 

4 

3 

FR4 

0 

0 

13 

9 

FA1 

0 

2 

F02 

0 

0 

FR3 

0 

8 

FR4 

13 

9 

30 

161 

FR1 

36 

90 

FA2 

111 

95 

FA3 

79 

96 

FA4 

39 

161 

POOLS  AT  START  TIME:  FT80  MEEK  01 


INTO  PRIMARY 

INTO  INTERMEAIATE  STRIKE 
INTO  ADVANCER  STRIKE 
INTO  PHASED  MARITIME 
INTO  1NT.  PROP  FOR  NELO 
INTO  PRIMARY  HELO 
INTO  ADVANCED  HELO 


0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 


TOTAL  CNATRA 


0  0 


075151 


FY83 

3 

3 

0 

3 

3 


0 

11 

4 

8 

0 


21 

3 

7 

22 

21 


201 

126 

107 

1S1 

201 


0 

0 

0 

0 

0 

0 

0 

0 
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T-447 

ntlNTMItt  -  HRMK  tTVHRT  FLO*  NHL 
os/u/fti  basic  m  «  mi  wi  -  ulkhn  u.m  orstsi 


FULL  STAFF  SUMMARY 


STUDENTS  IN  TRANSIT  AT  END  OF 

TO  INTERMEDIATE  STRIKE 

TO  PHASED  MARITIME 

TO  INT.  PROP  FOR  HELO 

CNATRA  TOTAL  IN  TRANSIT 


YEAR/QUART 

FY81 

FY82 

FY83 

0 

1 

0 

F«1 

17 

6 

4 

F02 

13 

14 

14 

FAS 

49 

76 

78 

FA4 

0 

1 

0 

14 

14 

17 

FA  1 

16 

17 

17 

FA2 

9 

9 

8 

FA3 

20 

21 

20 

FA4 

14 

14 

17 

0 

0 

0 

FA1 

0 

0 

0 

FA2 

0 

0 

0 

FAS 

0 

0 

0 

FA4 

0 

0 

0 

14 

15 

17 

*A1 

33 

23 

21 

FA2 

22 

23 

22 

FAS 

69 

97 

98 

FA4 

14 

15 

17 
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T-447 

PATHFINDER  *  »nUMl(  ITiKIT  FLtN  MKL 
os/14/81  basic  vn  -  mi  MCI  -  mnsM  u«m  o?sisi 

FULL  STAFF  SUNNART 


CNATRA  TOTAL  ON  BOARD  AT  END  OF  PERIOD 

FT81 

FY82 

FT83 

INTRAIN IN4/TR ANSI! /POOL 

1684 

1870 

1929 

FBI 

1634 

1784 

1907 

F42 

1T03 

1782 

1888 

f  A3 

1644 

179$ 

1870 

F44 

1684 

1870 

1929 
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